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PREFACE 


This book has been written for tractor operators, ranch- 
ers, farmers, teachers and students, as well as for all who own 
or operate small engines of the kind which power lawn mow- 
ers, garden tillers, riding mowers and compact tractors. Since 
the first three editions, entitled Farm Tractor Maintenance, 
dealt only with the subject of farm tractors, the title of the 
fourth and fifth editions has been changed to Tractor and 
Small Engine Maintenance in order to reflect this expanded 
coverage. 

Tractors and their engines have gone through a tremen- 
dous amount of change and improvement since the last revi- 
sion. The diesel engine has replaced the gasoline engine and 
the LP Gas engine on all but a few of the smaller farm trac- 
tors. Diesel engines are now available for agricultural use 
ranging from 3.5 to over 650 horsepower. 

The emphasis for tractors has been shifted to more effi- 
cient and economical power units, transmissions and drive- 
trains. Hydraulically operated or assisted tractor functions or 
operations have been greatly increased. The modern tractor 
has many more operator conveniences and monitoring sys- 
tems that notify the operator if there are any mechanical or 
operational problems with the unit. 

Approximately 120 new illustrations have been added to 
assist the reader. However, the new information contained in 
this book was not added as a replacement for the old, but 
rather as a supplement to it. There are still many thousands 
of older model tractors in use today, and they will continue to 
be used for years to come. 

The need for preventive maintenance increases with the 
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increase in tractor power, complexity and cost. Hopefully this 
book will assist the operator in preventing many costly and 
unnecessary repairs. 


ARLEN D. BROWN 
R. MACK STRICKLAND 
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INTRODUCTION 


CHAPTER 1 


MODERN FARM TRACTORS 


The modern tractor is the result of many years of develop- 
ment. In fact, it wasn't until about 1876 that the steam traction 
engine was used extensively to pull large gangs of plows to turn 
the prairie sod. 

In 1901 a large, clumsy gas traction engine weighing 20,000 
pounds was rated at 22 horsepower at the drawbar and 45 horse- 
power on the belt. In 1911, near Lafayette, Indiana, 3 Oil-Pull 
traction engines were hitched to a 50 bottom plow for a demon- 
stration. The big hitch plowed an acre every 75 seconds. 
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Fig. 1-1. Three Rumley Oil-Pull kerosene-burning tractors hitched to a 50 
bottom plow in 1911. 
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Here are some interesting dates in the development of 
tractors: 


1850 E Portable steam engines pulled by horses for 
farm use 

IST02 er Steam traction engine used 

1892-1901 . . . . Experimental models, gas traction engines 

I9UJS — .. Gas traction engines produced commercially 

1904.5 Track-type traction engine 

1906-07 ...... The word "tractor" came into use 

TOOSE 1 icum The first gasoline track-type tractor 

TONS ee ©. m Frameless or unit design in farm tractors 

LOTS oe “Motor cultivator” type tractor 

I919- ae Farm tractor equipped with power take-off 
(PTO) 

Ji. r2) isa ee Starter and lights for tractors 

TORA ee Cultivating or tricycle-type tractor 

19890 . . m Farm tractor equipped with power lift 

TOSI aso: First diesel-powered track-type tractor 

1982. Fire us Low-pressure rubber tires introduced for farm 
tractors 

1985... 0 Factory-built, high compression tractors to 
bum leaded gasoline 

1935 0E Hydraulic lift equipment on the tractor 

TOZO a aA Weight transfer for increased traction 

TIA ee First factory-built LP gas tractor 

LOAA naai ann Power take-off and drawbar dimensions 
standardized 

AG ute a Transmission clutch for live power take-off 

TIER Hydraulic remote control cylinder dimensions 
standardized 

1954-58 ...... "On-the-go" and automatic shifting of tractor 
transmissions 

LSS. | a Torque converter with lock-out 

19597... 5. Air-cooled diesel engine in a tractor 

]- PETS Cab and air conditioner 


1859... Radial tractor tires 
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WOO! 05 ME Hydrostatic power steering 

NOG? sc Turbocharger used in wheel-type tractor 

]15,5 7 NS Crab steering used on four-wheel drive tractor 

LOG c ME Alternator charging system 

VOGA fous ics Vacuum advance distributor 

BSOD 3 easy oases Roll guard protection for operator 

MOT sie vedas Hydrostatic drive 

IISO9 i see Transistorized system , 

OO 2 Aw Factory equipped tractor axles for triples 

ILS a Ore ener Power take-off ratings above 250 horsepower 

I9:Sce uto Hydrostatic partial-power PTOs 

ISTE. ius Drawbar power over 350 horsepower 

OSU ree oun Computer-enhanced monitoring system for all 
critical tractor functions 

ESSI... e Forward air flow cooling of tractor engine 


N S dec ET 
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Fig. 1-2. An early experimental tractor in 1907, which required one person to 
operate the tractor and another person to operate the equipment. (Cour- 
tesy Ford Tractor Operations) 
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TYPES 


There are two general types of modern tractors, the wheel- 
type and track-type. The tractors in both groups range in size from 
the 1-2 plow to the 8, 10 or 12 plow. A recent development is the 
large, four-wheel drive tractor developing 225 to 650 engine 
horsepower. 

Wheel-type tractors are of three general kinds, the general- 
purpose row-crops, the utility and the four-wheel standard. There 
are many variations of these, such as those used in an orchard or 
for high clearance, etc. General-purpose tractors have been or are 
available with single front wheels, dual front wheels and an ad- 
justable front axle. Most tractors now have the adjustable front axle 
with tread spacing adjustable from about 50 inches to 90 inches, 
with an optional wide variable tread axle. Some manufacturers 
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Fig. 1-3. A large four-wheel drive articulated steering tractor with a 955 
cubic inch V-8 diesel engine, with factory observed 300 PTO horse- 
power. (Courtesy John Deere, Moline, Ill.) 
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allow for an additional 8 inches of width by reversing front wheel 
discs on wheel hubs; however, reversing front wheel discs will 
subject the front wheel bearings to a greater load. 

The rear wheel tread spacing with the regular axle is adjusta- 
ble from about 65 inches to 95 inches. Long axles are available, 
making it possible to space the rear wheels to 129 inches, and 
extra long axles are adjustable to about 164 inches for triples. 


ENGINES 
The External Combustion Engine 


An external combustion engine is one in which the fuel is 
burned outside the cylinder and the power generated is confined 
.in a separate container to be released through the cylinder. In 
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Fig. 1-4. A large general-purpose tractor with a 466 cubic inch tur 
3 peser ee engine, with an estimated maximum 185 PTO horse- 
power. (Courtesy International Harvester Co.) 
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the early steam traction engines, steam railroad locomotives and 
steam automobiles, fuel was burned to heat water and generate 
steam which was introduced into the cylinder through sliding 
valves. The steam was fed into the top of the cylinder for the 
down stroke and then into the bottom side of the piston for the 
return stroke giving a double acting piston for more efficiency and 
smoother action. 
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Fig. 1-5. A large four-wheel drive tractor designed for large acreage farms; it 


has a 736 cubic inch turbocharged V-8 diesel engine with 400 rated en- 
gine horsepower. (Courtesy Big Bud Tractors, Inc.) 


Experimenters have been working on the development of an 
external combustion automobile engine for several years. 


The Internal Combustion Engine 


An internal combustion engine is one in which the fuel is 
burned and the power is generated within a closed cylinder. All 
common gasoline or oil-burning engines are of this type. 
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Fig. 1-6. A small tractor with a 110 cubic inch 2-cylinder diesel engine rated 
at 28 PTO horsepower, and an optional front-wheel assist drive unit. 
(Courtesy Long Mfg., N.C., Inc.) 


Fig. 1-7. Available front ends on a general-purpose row-crop tractor. (Cour- 
tesy John Deere, Moline, Ill.) 


Fig. 1-8. An older high clearance row-crop tractor for special crops. (Courtesy 
John Deere, Moline, Ill.) 
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Fig. 1-9. A low profile utility trier destined for work on m sl 
) Opes. 
(Courtesy Ford Tractor Operations) á 
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Principles of Operation 
The most common type of gasoline engine is known as the 
four-stroke cycle (four-cycle) engine. The piston travels the length 
of the stroke away from the crankshaft twice, and toward the 
crankshaft twice to produce one power impulse. 


Strokes of a Four-Stroke Cycle Engine 


1. Intake 3. Power 
2. Compression 4. Exhaust 


y intake Compression. Power. Exhaust 
= The 4-stroke cycle Engine. 
Intake, compression, power, and exhaust. 


Fig. 1-10. The strokes of a four-stroke cycle engine. (Courtesy John Deere, 
Moline, Ill.) 


Intake Stroke 
Fuel is taken into the cylinder from the carburetor in a 
gasoline engine through the open intake valve and the intake man- 
ifold. This is possible because air rushes through the carburetor 
and becomes charged with gasoline in finely divided particles as 
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the piston creates a vacuum in the cylinder in moving from the top 
to the bottom. When the cylinder is filled with this combustible 
mixture of gasoline and air, the intake valve is closed. 


Compression Stroke 
When the intake and exhaust valves are closed, the piston 
moves from the bottom to the top of the cylinder, compressing the 
mixture into a small space, known as the clearance volume or 
combustion chamber. 
Before the piston has quite reached the top of the stroke, a 
spark is introduced and the mixture begins to burn and to expand. 


Power Stroke 


As the mixture burns, heat is produced. The products of 
combustion expand because of the heat produced by the burning 
fuel and push the piston downward on the power stroke. 

As the piston nears the bottom of the power stroke the ex- 
haust valve starts to open and becomes fully open by the time the 
piston is completely down. 


Exhaust Stroke 


Most of the exhaust gases leave the cylinder with a loud 
explosive noise. The piston moves upward with the exhaust valve 
completely open and forces the remaining burned gases out of 
the cylinder. The exhaust valve is closed shortly after the piston 
has reached the top of the exhaust stroke and has started down 
on the intake stroke. 

It is possible to close the exhaust valve after the intake stroke 
has actually started down because of the inertia of gases. It takes 
_ a little time to get the incoming gases started to flow into the 
cylinder, and the exhaust gases will continue to flow out for a 
short time after the piston quits pushing on them. This allows a 


better scavenging action. It also has a tendency to keep the com- 
bustion chamber from overheating. 


Parts of a Gasoline Engine 


l The preceding actions can take place only because of many 
interrelated parts, as follows: 
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Fig. 1-11. A cutaway view of a small tractor. (Courtesy Ford Tractor Opera- 


tions) 

1. Cylinder in which the 

2. Piston fits with about 2/1000ths inch space or clearance 
for expansion and movement. 

3. Piston rings are fitted into grooves in the piston. They 
expand against the cylinder wall and tend to make the fit 
between the piston and cylinder wall gas tight. 

4. Combustion chamber, formed by the cylinder head and 
piston, in which is located the 

5. Intake valve which is so situated that it allows air to be 
drawn through the 

6. Carburetor where it picks up gasoline in measured quan- 
tities and carries it through the 

7. Intake manifold into the combustion chamber. Also located 
here is the 

8. Exhaust valve, which allows exhaust gases to pass from 
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the cylinder into the open air through an exhaust pipe and 
muffler. 
9. The connecting rod is fastened at one end to the piston by 
means of a 
10. Piston pin, and at the other end to the 


11. Crankshaft in such a manner that the power of the burn- 
ing gases pushing against the piston turns the crankshaft, 
to which is fastened one or more 

12. Balance wheels whose function is, partly, to provide the 
energy to force the piston through the exhaust, intake and 
compression strokes. 


Also located on the crankshaft is a 


13. Timing gear that meshes with a 
14. Half-time gear that is usually located on the 


15. Camshaft. These two gears, sometimes connected by a 
chain, drive the camshaft upon which is located a cam for 
each valve, whose function is to open and close the intake 
and exhaust valves at the proper times. 


Also usually driven from the camshaft is the 


16. Ignition system, either a high tension magneto, on older 
tractors, or a breaker and distributor assembly for battery 
ignition. 

17. An oil pump is usually driven from either the crankshaft or 
camshaft by gears. The oil pump circulates-oil throughout 
the engine. 

18. Usnallv a water pump and 

19. A cooling fan are driven from a V-belt pulley on the 
crankshaft. 


If an engine has more than one cylinder and is a spark igni- 
tion engine, the arrangement of the crankshaft, cams and camshaft, 
intake manifold and ignition svstem is such that each cylinder 


functions in relation to every other cylinder to produce an even 
flow of power. 
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Fig. 1-12. A cutaway view of a 3-cylinder diesel engine. (Courtesy Ford 
Tractor Operations) 


In order that an engine may perform properly, each of the 
parts mentioned above must do its job efficiently and in the proper 
relation to all the jobs performed by all the other parts of the en- 


gine. 
The gasoline engine will run properly and produce the power 


it should if: 


. The correct fuel is used; 
The right amounts of fuel and air are in the mixture: 
The mixture is compressed sufficiently; 
The valves open and close at the right time; 
The spark is strong and comes at the right time; 
The engine runs at the proper temperature; 
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The correct amount and kind of oil is used; 
The oil is changed and filter is serviced re gularly. 


CLASSIFICATION 


Tractor engines may be classified according to the way the 
fuel is introduced into the cylinder. 


Carburetor-Intake Manifold (Spark Ignition) 


1. Medium compression, two-fuel engines that can be started 
and warmed up on gasoline, then operated on a lower cost fuel 
such as distillate or fuel oil. These engines are usually equipped 
with radiator shutters and manifold heat control valves to aid in 
the warm-up period and to improve performance on the low cost 
fuel. Two-fuel tractors are rare except in developing countries 
where fuel oil is more available than gasoline. 

2. High compression, single-fuel engines, burning regular 
gasoline or liquefied petroleum (LP Gas). Gasoline tractors are the 
most popular, with LP Gas tractors being common in certain areas. 
Gasoline tractors can be converted to LP Gas operation, but the 
recommended practice is to purchase factory equipped units. 


Diesel (Solid Fuel Injection) 


l. Compression ignition, fuel oil engines (diesel), four-stroke 


INTAKE COMPRESSION POWER 


EXHAUST 


Fig. 1-13. Operating details of a two-cycle diesel engine with a blower. 
(Courtesy Detroit Diese] Engine Div., General Motors Corp.) 
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cycle. All large general-purpose and medium size tractors made 
today use this type of engine. Many of the smaller utility size trac- 
tors are now available with a diesel engine. 

2. Compression ignition, fuel oil engines (diesel), two-stroke 
cycle. These engines were available in many of the older standard 
size tractors, and can still be found on many farms today. 


L 


Regardless of the tvpe of engine and tractor, the efficiency 
and amount of use that can be obtained from it will be determined 
largely by the care and service given to it. Any new machine is 
tight and needs to be broken in carefully. The most important 
period in the life of your tractor is the first 20 to 100 hours. Follow 
the recommendations in the Operators Manual carefully during 
this period. 


Fig. 1-14. A cutaway view of a turbocharged diesel engine. (Courtesy Deere 
& Company Service Publications) 


THE POWER TRAIN 


The remainder of the tractor is as important as the engine 
but it is not as delicate in its make-up. 
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To be useful the power produced by the engine must be 
applied by the traction wheels and tires, or in older tractors 
through the belt pulley, or through the power take-off. The line 
through which power flows in performing useful work is generally 
known as the power train. 

The traction power train consists of clutch, transmission, dif- 
ferential, axles, and wheels or track. On older tractors the belt- 
power train generally consists of clutch, bevel pinions, pulley 
shaft and pulley. 

The power take-off power train generally consists of the 
clutch and power take-off shaft. 


THE CLUTCH 


The previous statements would indicate that all the useful 
power that the tractor develops is used through the clutch. The 
clutch, then, is a very hard working part of the tractor and must 
be given proper care. 

Dry plate-type clutches are common on tractors with syn- 
chromesh transmissions. 


In its more simple form a friction clutch is so constructed 
that one or more plates or discs driven by the engine contact one 
or more other discs mounted on a shaft leading to the transmis- 
sion. The two sets of plates are so constructed that springs exert 
pressure to hold them together, thus transmitting power from one 


COVER SLIDING DRIVE DISK DRIVING DISK INNER FACING 


ADJUSTING PLATE OUTER FACING FACING DISK V-MARK 


Fig. 1-15. A hand lever operated dry plate type clutch from an older tractor. 
(Courtesy John Deere, Moline, Ill.) 
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Fig. 1-16. Operation of a Standard Dry-disc clutch, showing the engaged po- 
sition free travel on the left and the disengaged position on the right. 
(Courtesy John Deere, Moline, Ill.) 


plate to the other. A clutch release is supplied that separates the 
plates, allowing the engine to operate freely, without turning any 
of the remainder of the machinery. Because of the inertia of parts, 
power must be applied slowly. This is accomplished by engaging 
the clutch plates slowly and allowing them to slip until inertia is 
overcome. Continued slipping of the clutch will result in worn or 
warped plates so that the clutch "grabs" or engages unevenly. 

It is very important that the clutch operate freely but without 
slipping when completely engaged. Keep the clutch pedal free 
travel adjusted so there is never less than X-inch free travel. 
Check this every 200 hours. Adjust it according to instructions in 
the Operator's Manual. 

A hydraulic clutch is similar to a standard clutch except that 
the clutch plate operates wet in transmission fluid and the clutch 
is engaged and disengaged hydraulically. Generally hydraulic 
clutches do not require free travel or clearance adjustment. 

In general, the chief care that a clutch needs is to have the 
throw-out mechanism lubricated according to directions furnished 
by the manufacturer. In some cases the clutch mechanism is made 
of materials that do not require lubrication. 
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Fig. 1-17. A cutaway view of a hydraulic clutch. (Courtesy John Deere, 
Moline, Ill.) 


THE TRANSMISSION 


The transmission is a system of gears so constructed that the 
mechanical advantage of the engine may be changed with relation 
to the work to be done and so that direction of movement mav be 
changed. Older tractors usually have three or more forward gears 
as well as a reverse gear in the transmission. These various gears 
usually allow speeds from about 2 to 7 miles per hour for field 
work. A tractor may have one or more additional forward gears for 
road use, and it may be able to travel 15 to 20 or more miles per 
hour. 


Manufacturers of most modern farm tractors recommend 
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Fig. 1-18. The path of power through the transmission in various gears. Note 
the location of the sliding gears for each speed. (Courtesy Massey- 
Ferguson, Inc.) 


operating them, under field conditions, at 4 to 7 mph. Therefore, 
tractors will generally have a transmission with 8 to 24 forward 
gears and as many as 8 reverse gears. The manufacturers ac- 
complish this by taking a 4, 6 or 8 gear transmission and adding a 
power shift mechanism which uses some type of hydraulic assist. 
The operator is then able to shift gears without interrupting the 
flow of power. 

A hydraulic clutch is used to replace the standard clutch used 
in mechanical transmissions. The gear train is usually either a 
counter-shaft or a planetary gear unit which feeds power to the 
output or drive wheels. The whole system normally operates in an 
oil bath. Special transmission-hydraulic oil must be used, since 
this oil is the reservoir for the hydraulic clutch circuit. Check the 
manufacturer's recommendations before replacing this oil. 

There are a few modern tractors that use a hydrostatic drive, 
which can act as both a clutch and a transmission. Mechanical 


Fig. 1-19. A cutaway view of a two-wheel drive tractor drivetrain, showing a 
fully synchronized 18-speed transmission incorporating electric sensing 
that initiates protective control to prevent malfunctions. (Courtesy In- 
ternational Harvester Co.) 


Fig. 1-20. Shift levers for a 24-speed transmission, showing the gearshift 
lever, 2, that can be placed in one of eight gears, and the power shift 
lever, 1, that can be shifted vertically on-the-go through three gear 
ranges and into reverse once the tractor has stopped. (Courtesy 
Massey-Ferguson, Inc.) 
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Fig. 1-21. A hydraulic assist transmission in a complete power train. (Cour- 
tesy John Deere, Moline, Ill.) 


Fig. 1-22. A hydrostatic drive unit in a complete power train. (Courtesy John 
Deere, Moline, Ill.) 
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power from the engine is converted to hydraulic power by a 
pump-motor combination. This power is then converted back to 
mechanical power for the drive wheels. A hydrostatic drive allows 
the operator an unlimited number of speed and torque ranges, as 
well as reverse speeds. 

The differential, while not usually considered a part of the 
transmission, is closely related to it. The differential allows power 
coming from the engine, through the transmission, to be applied to 
the drive axles. This is accomplished by a beveled pinion gear 
which allows one drive wheel to tum faster as the other turns 
slower by the same amount. However, both wheels still propel 
their own loads, but at different speeds. This feature makes it pos- 
sible for a tractor to tum without one wheel slipping. 


Fig. 1-23. A mechanical differential lock. (Courtesy John Deere, Moline Ill.) 
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Your tractor may be equipped with a differential lock that 
can be engaged when one wheel starts to slip. This is usually 
engaged by depressing a foot pedal and disengaged by depressing 
one or both brake pedals. Do not attempt to turn the tractor when 
the differential lock is engaged. Always have the front wheels in a 
straight-ahead position when engaging or disengaging the dif- 
ferential lock. 

The transmission and differential on most tractors are ,lubri- 
cated by the transmission-hvdraulic system oil. All bearings and 
gears are close-fitting, and the life of the transmission-hvdraulic 
system depends on keeping the oil level up to the mark, changing 
the hydraulic system filter as recommended and draining and 
changing the transmission-hydraulic oil at regular intervals. The 
oil change interval may vary from 600 to 1200 hours with different 
makes of tractors and must not be neglected. Using the hydraulic 
oil recommended by the manufacturer to prevent leakage or seal 
problems is important. 


THE POWER TAKE-OFF 


The power take-off is merely a shaft extending through the 
tractor in such a way that connection can be made to it for power 
to drive machines, such as combines, balers, and other tools which 
are otherwise powered by drive wheels or independent engines. 

The power take-off on most modern tractors operates hy- 
draulically and independently of the clutch or transmission. The 
power take-off can be engaged or disengaged at any time when the 
engine is operating. Some manufacturers utilize a power take-off 
brake which is designed to stop the power take-off, not the imple- 
ment to which it is attached. 


NOTE: When stopping large inertia loads, idle the engine to 
reduce power take-off speed. 


The power take-off can be operated with the tractor standing 
or in motion, and most manufacturers now have an arrangement for 
stopping the forward motion of the tractor without interrupting the 
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Fig. 1-24. Changing from 1000 rpm to a 540 rpm power take-off shaft. Note 
the number and size of splines on the 540 rpm shaft in the operator's left 
hand. 


power take-off operation. This is very desirable and has led to 
much greater use of power take-off driven equipment. 

New tractors of the moderate to large size are equipped so 
that the new 1000 rpm power take-off shaft may be installed. The 
new standard speed permits more efficient operation. The 1000 
rpm shaft has more, and smaller, splines than the standard 540 rpm 
shaft. The tractors are designed so that the speed can be changed 
to correspond to the type of shaft being used. The 1000 rpm shaft 
should be used for all heavy power take-off loads. The 540 rpm 
shaft should be used for implements requiring less than 77 horse- 
power. 

Transmitting power at lower speeds requires almost twice as 
much torque. This is often more than shafts can stand on heavy 
loads. Power take-off shafts vary in diameter and the number of 


MODERN FARM TRACTORS 27 


Fig. 1-25. A modern farm tractor pulling a power take-off driven implement. 
(Courtesy Massey-Ferguson, Inc.) 


splines, depending on their rpm rating and the horsepower rating 
of the tractor. The power take-off standards are established by the 
American Society of Agricultural Engineers (ASAE) and the Soci- 
ety of Automotive Engineers (SAE). 


QUESTIONS | 

l. What is the difference between an external combustion 
engine and an internal combustion engine? 
What is the difference between a four-stroke cycle engine 
and a two-stroke cycle engine? 
3. How is the fuel charge ignited in the conventional gasoline 

engine? How is it ignited in a diesel engine? 
4. 'The intake valve opens at the beginning of what stroke in 


a four-stroke cycle engine? 
5. The exhaust valve opens at the beginning of what stroke? 


Lo 
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The intake and exhaust valves are closed on what strokes? 
How fast does the camshaft turn in relation to the crank- 
shaft? 

How fast does the distributor rotor turn in relation to 
crankshaft speed, or the distributor rotor makes one revolu- 
tion to how many revolutions of the crankshaft? 


. What is the difference between the operation of a standard 


clutch and a hydraulic clutch? 

How do the various transmissions differ in the wav they oper- 
ate? 

Why would an individual use a 1000 rpm power take-off shaft 
as opposed to a 540 rpm shaft? 


CHAPTER 2 


DIESEL ENGINES 


a 


Diesel or compression ignition engines are similar to the 
spark ignition engines in principle. However, there are important 
differences. On the intake stroke air only enters the cylinder, and 
is compressed on the next stroke. Compression ratios are ex- 
tremely high (15:1 to 22:1) as compared to the conventional engine 
(8:1 to 12:1). At the end of the compression stroke the air tempera- 
ture has been raised to approximately 1000°F. because of a de- 
crease in its volume to about 1/16 of the original volume. This 
temperature is high enough to ignite heavy fuel that is sprayed 
into the compressed and heated air by a specially constructed in- 
jection mechanism. Since the diesel engine operates with such 
high compression, its parts must be heavier and must fit more per- 
fectly than in a spark ignition engine. 

Some diesel engines are designed on the two-cycle principle, 
performing the four necessary operations in two strokes. A blower 
is usually used to inject air into the cylinder, and to force burned 
gases out at the end of the power stroke. 

The most critical part of the diesel engine is the fuel-injecting 
system. The plungers and rotors are built to fit very closely. Any 
dust or dirt in the fuel soon wears the injecting pumps until they 
cannot inject the fuel against the high compression in the cylinder. 
Special care must be taken with diesel fuel to keep it clean and to 
deliver it clean to the injecting pumps. 

It is interesting to note that when the diesel fuel is injected 
into the combustion chamber, it must be forced in against a pres- 
sure of approximately 350 pounds per square inch and higher. The 
amount of crankshaft rotation for injection to occur is approxi- 
mately 20 degrees, which at 1000 rpm requires about 0.0033 sec- 
ond. The time available for this fuel injection, in order to time the 
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injection correctly, is approximately 0.00017 second, or 1 degree of 
rotation. The volume of fuel injected at full load is approximately 
1/20,000 of cylinder displacement. and this reduces to 1/100,000 
during idle. 


Fig. 2-1. The farmer who owns this tank uses a filter to help keep the diesel 


fuel clean. (Courtesy American Oil Co.) 
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Fuel storage and methods of handling fuel for diesels will 
be discussed later. As an added precaution, several very fine 
screens and filters are used in the supply line. These must be kept 
clean and operating efficiently as a protection to the pumps. 

Manufacturers instructions are particularly important in 
servicing diesels. 

The maintenance of the diesel engine and the gasoline en- 
gine is similar in many respects. The air cleaner, the lubrication, 
cooling, electrical, hydraulic and power transmission systems are 
maintained and serviced in about the same way. The fuel and 
ignition systems are completely different and it is important 
that these differences be understood. The following is taken 
from Technical Letter No. X-655, courtesy American Oil Com- 
pany. 

A diesel engine is not a gasoline engine. 

—Fuel supply to the engine is entirely different. 

—Air and fuel mixing is entirely different. 

—Ignition is entirely different. 

—Engine starting properties of the fuel are entirely 
different. 

—Antiknock properties of the fuel are entirely different. 


Diesel fuel properties in lots of ways may be exactly oppo- 
site to gasoline properties! 


Important Opposites 


A fuel that gives Good 
starting in a gasoline en- 
gine— 

A fuel that gives Bad 
starting in a gasoline en- 
gine— 

A fuel that gives Good 
antiknock in a gasoline 
engine— 


Gives Bad starting in a 
diesel. 


Gives Good starting in a 
diesel. 


Gives Bad antiknock in a 
diesel. 
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A fuel that gives Bad anti- Gives Good antiknock in a 
knock in a gasoline en- diesel. 
gine— 
A few things to learn about diesel engines: 
The diesel has no intake air throttle. 
—Air intake is wide open all the time. 
—A full charge of air is taken in on each intake stroke. 
The diesel has no carburetor. 
—Fuel and air are not mixed before going into the 
engine. 
—Fuel is sprayed into the highly compressed, extremely 
hot air in a precisely measured small quantity under 


very high instantaneous pressure at exactly the right 
time. 


The diesel has no electrical spark ignition. 


—The fuel spray instantly self-ignites as soon as it hits 
the highly heated air. Self-ignition, called "auto ig- 
nition," is not a matter of volatility. 


m aS 


Fig. 2-2. Fuel system components. (Courtesy John Deere, Moline, Ill.) 
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—No. 2 diesel fuel auto ignites faster and at lower 
temperatures than a high-octane gasoline! (We will 
tell you why a little later.) 


For engines of equal horsepower, the cost of the diesel typ- 
ically runs from $1500 to $5000 higher than the gasoline 
engine. : 

—The cost of a typical diesel fuel pumping and injection 
system alone can run as high as $1500 to $3000 or 
more. 

—Precision fits of pump plungers and injector parts are 
extremely fine (typically 15-millionths of an inch 
clearances . . . 1/40th of the thickness of a human 
hair!) . . . and they are, therefore, costly to make. 
Particles this small can pass right through the best 
fuel filters employed. 


Don't miss this important point: 

Protecting these fine working parts against every possi- 
bility of hampering deposits, sediment, rust, or wear is 
essential to assuring good performance and efficient op- 
eration of any diesel engine. 

Fuel pump or injector plungers deliver to each cylinder a 
precisely measured quantity of fuel under high pressure. 

The variable delivery of the plunger or plungers regu- 
lates the power control of the engine—acting like the 
throttle on a gasoline engine. 

The injector nozzles deliver the metered fuel into each cylin- 
der, employing extremely high pressures applied so fast that the 
fuel is literally shot into the combustion space as a fine spray. Im- 
mediately the fuel spray is self-ignited by the hot, highly com- 
pressed air charge. 

Correct injector operation is the key to good diesel en- 
gine operation. 
Faulty injector operation is the biggest cause of poor 
diesel operation. 

—Now you know why a diesel requires extra fine filter- 
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ing to help protect as well as possible the engine's pre- 
cision-built fuel pumping and injection system. 

—Now you know why fuel quality is important in any 
diesel engine. 


TURBOCHARGER 


A turbocharger is common on many diesel tractors as a part of 
the intake system. The power developed by an internal combus- 
tion engine is determined by the amount of fuel and air which can 
be packed into each cylinder. More power is developed if more 
fuel and air can be taken in or packed in by some kind of super- 
charger. The turbocharger is an exhaust-driven contrifugal-type 
supercharger.driven by a turbine wheel in the exhaust system of 
the tractor. All the high-pressure exhaust gases from the engine go 
through the turbine housing, causing the turbine wheel to rotate at 
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Fig. 2-3. A cutaway of a turbocharger. (Courtesy John Deere, Moline, Ill.) 
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a high speed of 40,000 to 150,000 rpm. The turbine spinning in the 
exhaust steam drives the impeller in the intake system which takes 
air from the atmosphere, compresses it and packs it into the engine 
cylinders. The extremely high speed of the turbine-impeller shaft 
makes good lubrication of the shaft absolutely essential. The jour- 
nal bearings and thrust washers on the shaft are usually lubricated 
with engine oil under pressure. 

Because of the high speeds, the high temperatures and the 
need for good lubrication at all times, follow these special instruc- 
tions when operating a turbocharged engine: 


l. After starting the engine, wait for positive indication of oil 
pressure before increasing the speed of the engine or ap- 


Fig. 2-4. A crack in the hose connecting the turbocharger to the air cleaner. 
Anv leak in the air cleaning system will permit airborne abrasives to 
enter the engine and cause rapid wear and premature engine failure. 
(Courtesy Dana Corp., Toledo, Ohio) 
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plying a load. One tractor manufacturer has an extra oil 
pump that is activated before starting to lubricate the die- 
sel engine before it turns over. 


. After starting during cold weather, allow the engine to run 


at least five minutes at half throttle to insure oil pressure 
(at least 30 psi) at the turbocharger before putting the en- 
gine under load. 


. Prime the turbocharger after changing the crankcase oil 


filter element in the engine, after installing a new or re- 
built turbocharger, after the engine has been idle for a 
month or more or under any other condition that might 
allow oil to drain down from the turbocharger bearings. 
To prime the turbocharger, set the engine speed control 
lever in the shut-off position, or set the controls so the 
engine cannot start, and crank the engine until engine 
oil pressure builds up. Do not crank the engine over 30 
seconds at a time. 


. Before stopping the engine, always allow it to idle from 


three to five minutes to allow heat from the turbocharger 
and the hot portions of the engine to equalize as the 
lubricating oil and coolant circulate through the engine. 
Failure to "cool-out" the engine can damage the turbo- 
charger (as well as the engine) due to distortion and 
"coking" of oil in the passages. 


. If the engine should stall when operating at normal 


operating temperature, restart it immediately to prevent 
damage to the turbocharger. The turbocharger operates 
at a very high temperature, and if stopped or stalled, oil 
in the center section may “coke,” causing the oil passages 
to clog. Lack of oil will then cause serious damage or 
failure of the turbocharger. 

Cover the exhaust outlet when the engine is not operating 
to keep out water or other foreign matter. Cover the ex- 
haust outlet when a turbocharged tractor is being trans- 
ported to keep out foreign matter and to prevent possible 
rotation of the turbocharger which could damage the 
shaft bearings due to lack of lubrication. | 
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Fig. 2-5. A four-wheel drive articulated tractor with a 165 horsepower V-6 
turbocharged diesel engine that has an extra oil pump for lubricating the 
engine before starting and an auxiliary starting engine. (Courtesy 
Belarus Machinery, Inc.) 


QUESTIONS 

l. Why are diesel engines usually more efficient than gasoline 
engines? 

2. Why is the compression ratio higher in a diesel engine? 

3. What is the main difference in the ignition of diesel and 
gasoline engines? 

4. Why is clean diesel fuel even more important in a diesel 
engine than clean gasoline in a gasoline engine? 

9. Why is it important to follow carefully the instructions in 
the operators manual when operating a diesel engine? 

6. Where are the fuel and air mixed in a diesel engine? 

7. How is the speed of a diesel engine controlled since there is 
no intake air throttle? 

8. Why should repair work on the injector system usually be 
done by a qualified mechanic? 
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9. Why should a turbocharged tractor be idled several minutes 
before being speeded up or placed under a load? 
10. Why should the turbocharger be primed on a tractor that has 
been idle for a month or more, or after an oil and filter change? 
11. Why should a turbocharged tractor be restarted immediately 
after it has stalled? 


CHAPTER 3 


TRACTOR FUELS, OILS AND GREASES 


Each internal combustion engine is designed to burn a cer- 
tain kind of fuel, and for most efficient performance, the proper 
fuel should always be used. If a fuel that is not correct for the 
engine is used continually, many difficulties are likely to be ex- 
perienced: loss of power, over-heating, excessive fuel consump- 
tion, knocking, lubrication troubles, rapid wear, and other 
troubles. 

Most tractor engines now operate on gasoline, LP Gas or 
diesel fuel. Two-fuel engines are available but not used very 


Fig. 3-1. A good tvpe of farm fuel storage. (Courtesy Deere & Company Serv- 
ice Publications) 
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widely at the present. These engines are designed to be warmed 
up on gasoline and then operated on a heavier fuel. 

The operator's manual should be consulted for the manufac- 
turers recommendation on the proper fuel to use for different 
operating conditions. This is especially important for diesel en- 
gines. 

Certain facts about fuels and engines should be understood to 
enable the operator to select satisfactory fuels for the engine. 
These are discussed in the following pages. 


ENGINE CHARACTERISTICS 
Compression Ratio 


The compression ratio is the relationship between the volume 
of the fuel and air mixture (combustible mixture) in the cylinder 
when the piston is at the bottom and the volume of the same 
combustible mixture when the piston is at the top of the stroke. 


If the volume of combustible mixture in a cylinder when the 
piston is at the bottom of the stroke is 72 cubic inches, and the 
mixture is compressed to a volume of 12 cubic inches when the 
piston is at the top of the stroke, the compression ratio is 6:1. The 
significance of the compression ratio of an engine can be more 
fully understood if one remembers that the amount of pressure on 
the piston determines the power of the engine. Other things being 
equal, the greater the pressure at the beginning of the power 
stroke, the greater will be the power developed. 

It will be seen that, as the compression ratio increases and 
cylinder temperature increases, the power output increases. Gen- 
erally speaking, this is true. However, practical application of this 
principle has been found difficult beyond certain points. Design- 
ers and experimenters are working to increase the compression 
ratio and hence the power output of engines beyond what is eco- 
nomically possible at this time. 

Increasing the compression ratio and increasing safe operat- 
ing speeds of engines has, in the past few years, reduced the 
weight of engines by nearly one-third and the piston displacement 
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Fig. 3-3. Comparison of compression pressures and combustion pressures in 
low and high compression engines. Note that an increase in compression 
pressure of 65 Ibs. (from 115 to 180) results in an increase in combustion 
pressure of 260 lbs. This represents a real increase in efficiency. (Cour- 
tesy Ethyl Corp.) 
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by more than one-half. This improvement has also increased fuel 
economy. 

Compression ratio is directly related to the kind of fuel that 
can be used without knocking. As the compression ratio goes up, 
the tendency to knock increases. 


Detonation 


Detonation has been variously explained as "spark knock," 
"pre-ignition," “carbon knock," etc. It comes from fuel burning 
too fast, too early, or unevenly in the cylinders. Research into det- 
onation shows that it is the result of many factors, chief of which 
are the following: 


(1) Chemical composition of fuel. 

(2) Compression ratio. 

(3) Ignition timing. 

(4) Mixture ratio. 

(5) Water jacket temperature. 

(6) Mixture temperature. 

(T) Working conditions—load, speed, etc. 


All the factors listed here must be kept properly related to 
avoid trouble and inefficiency in an engine. Most of these factors 
are more or less under the control of the operator. It is the 
operator's responsibility to control these factors in order to obtain 
the utmost in trouble-free operation. 

Continued operation of an engine that knocks because one or 
more of the factors mentioned is not controlled may result in 
burned valves and pistons, breakdown of cylinder lubrication, 
bumed-out head gaskets and ruined spark plugs, to say nothing of 
wasted fuel, lack of power and continued annoyance. Engines 


have been known to become severely damaged in a short time be- 
cause of detonation. 


FUELS 


Present-day internal combustion engine fuels are practically 
all produced from petroleum, or crude oil. Petroleum molecules 


D' 


Fig. 3-4. Illustrating how detonation may occur (A, B, C, D) when low octane 
fuel is burned, as compared to no detonation (A', B', C', D') when high 
octane fuel is burned. (Courtesy Ethyl Corp.) 
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are made up of hydrogen and carbon atoms joined together in 
many different patterns forming literally thousands of different 
molecules. Our gasoline at one time came from the crude oil as a 
result of a simple distillation process. This process could not pos- 
siblv supply the fuel required at the present time by the millions 
of engines in operation. Fortunately, the oil scientists have dis- 
covered ways of cracking the oil molecules and recombining them 
in such a wav as to more than double the vield of gasoline from 
crude oil, at the same time improving the quality of gasoline ob- 
tained. This improvement in quality has aided in making possible 
the development of the modem high compression engine. 


LIQUID FUEL CHARACTERISTICS 


Liquid fuels are composed of parts that vaporize at different 
temperatures. Those parts that vaporize at the lower temperatures 
heat up the other parts as they burn, resulting in a progressive 
burning of the fuel charge. Gasoline is blended to give good start- 
ing and warm-up characteristics for the season in which it is sold 
and for the section of the country in which it will be used. This 
feature, which indicates that large quantities should not be stored 
on the fium for long periods, should be kept in mind when vou buy 
gasoline. 

Buming a charge of liquid fuel may be compared in some re- 
spects to building a solid fuel fire. A person might put the large 
solid chunks of fuel in the bottom of the fire box, with the smaller, 
lighter material next, with the kindling on top, covering this all 
with shavings and paper. The match is applied to the paper, which 
ignites the shavings, which in tum ignite the kindling, and so on 
until the heavy fuel is buming. 

Much the same thing happens with a charge of liquid fuel in a 
cylinder. The comparison may be more meaningful if the heavier 
ends of the liquid fuel (those parts that vaporize at about 365?F. to 
437°F.) are considered as the heavy chunks of the solid fuel, the 
medium ends (those that vaporize at about 240° to 365°) as the 
finer material, the light ends (those that vaporize at about 100° to 
200°) as shavings, and the initial boiling point light end as the 
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paper. Then the match flame becomes the spark, and the fire is 
kindled. 

In a typical summer grade of gasoline, the initial boiling point 
would be about 85°; 10% of the gasoline would be vaporized at 
140°, 50% at 240°, and 90% at 365°, and the end point would be at 
437°. 

Such an arrangement tends to insure that all the fuel will be 
burned. If all of the liquid fuel were to evaporate at one tempera- 
ture, it is doubtful whether all of it could be burned in the time 
it would have in which to burn. Thus fuel would be wasted. 


Anti-knock Fuels 
Engineers early realized that better fuels were needed to aid 
in the development of the internal combustion engine. Among 
other things, a fuel must be able to work under high compressions 


id 


Fig. 3-5. A small 28 horsepower utility tractor. (Courtesv Long Mfg., N.C., 
Inc.) 
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without knocking. Many scientists and engineers attacked the 
problem and found several solutions, some of which were practi- 
cal. 

Gasoline in common use is satisfactory in our modern engines 
largely because of two developments: 

(1) Cracking. 

Gasoline was originally a product of the simple distillation 
of crude oil, and the gasolines produced by various manufactur- 
ers varied greatly. As more and more gasoline was needed, a 
process of distilling crude oil and its usual products under heat 
and pressure was developed. Gasoline thus made proved to be 
able to work under higher compression than the former straight- 
run gasolines. In addition, much more gasoline could be produced 
from the same amount of crude oil. 

The cracking process made possible certain improvement in 
engines, which resulted in more work per gallon of fuel and a 
wider acceptance of internal combustion engines. 


(2) Additives. 


Chemists and engineers discovered that certain materials 
could be added to gasolines that would enable them to operate 
under higher compressions than could cracked gasolines alone. 
Alcohol was one additive that gave good results, but it proved 
somewhat unsatisfactorv in actual use. 

A compound known as “Tetra Ethyl Lead” has had a wide 
distribution as an anti-knock additive. This material when added 
to gasoline in proper amounts allows it to perform satisfactorily 
in high compression engines. 

Unleaded gasolines are those to which no lead anti-knock has 
been added deliberately. They are for lower compression engines 
and should not, in most cases, be used in farm power units. 


Commercial Gasoline Additives—Function 


l. Anti-knock Compounds—to improve Research, Motor and 
Road octane quality. 
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2. Combustion Deposit Modifiers—to minimize surface igni- 
tion, rumble, pre-ignition and spark plug fouling. 

3. Anti-oxidants—to minimize oxidation and gum formation in 
gasoline, and to improve handling and storage characteris- 
HCS. 

4. Metal Deactivators—to deactivate copper ions, which are 
powerful oxidation catalysts. 

5. Corrosion and Rust Inhibitors—to minimize corrosión and 
rusting of fuel system and storage handling facilities. 

6. Carburetor Anti-icing Additives—to minimize engine stall- 
ing due to ice accumulation on the throttle. 

7. Gasoline Detergents—to remove and/or minimize the ac- 
cumulation of deposits in the throttle section of the car- 
buretor, which adversely affect the metering characteris- 
tics. 

8. Gasoline Dispersants—to extend PCV valve life, reduce 
engine sludge and remove and/or minimize the accumula- 
tion of deposits in the carburetor, intake manifold, intake 
ports and underside of the intake valves. 

9. Dyes—to serve various identification purposes. 


Octane Number or Rating 


In order to standardize the anti-knock characteristics of fuels, 
it was necessary to have a measuring device. Accordingly scien- 
tists more or less arbitrarily decided that because of their actions 
in a test engine, normal heptane, a hydrocarbon fuel, would have 
zero anti-knock characteristics, and iso-octane, another hydrocar- 
bon fuel, would have 100 anti-knock characteristics. 

These two fuels, mixed in varying proportions, would form 
the basis for comparing commercial fuels. The procedure for de- 
termining the anti-knock rating or octane number of a fuel is to 
operate it in a test engine whose performance can be measured 
accurately, and then to mix heptane and iso-octane until the mix- 
ture duplicates the performance of the commercial fuel. For exam- 
ple, if it requires 83 parts of iso-octane and 17 parts of normal hep- 
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Fig. 3-6. An all-purpose tractor available with either a gasoline or diesel en- 
gine, rated at 52 PTO horsepower. (Courtesy Ford Tractor Operations) 


tane to duplicate the performance of the fuel in question, it is said 
that the fuel has an octane rating of 83. 


DIESEL FUEL 


Diesel tractor fuel used in farm tractors is available in two 
grades: Grade No. 1-D and Grade No. 2-D. 


Grade No. 1-D comprises the class of fuel oils from kerosene 
to the intermediate distillates. Fuels within this classification are 
applicable for use in high-speed engines in services involving fre- 
quent and relatively wide variations in loads and speeds, and also 
for use in cases in which abnormally low fuel temperatures (when 
the air temperature is below 32°F.) are encountered. 

Grade No. 2-D includes the class of distillate gas oils of lower 
volatility. These fuels are applicable for use in high-speed engines 
in services involving relatively high loads and uniform speeds, or 
in engines not requiring fuels having the higher volatility or other 
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properties specified for Grade No. 1-D. The Grade No. 2-D, which 
will produce more work per gallon, is recommended for service 
when the air temperature is 32°F. or above. 

In a typical Grade No. 1-D fuel, the initial boiling point 
would be about 366°; 10% of the fuel would be vaporized at 413°, 
50% at 466°, and 90% at 530°, and the end point would be at 574°. 

In a typical Grade No. 2-D fuel, the initial boiling point 
would be about 376°; 10% of the fuel would be vaporized at 440°, 
50% at 509°, and 90% at 592°, and the end point would be at 653°. 


10. 


Commercial Diesel Fuel Additives—Function 


. Ignition Quality Improvers—to raise the Cetane Number, 


thereby promoting faster starts and producing less white 
smoke. 


. Oxidation Inhibitors—to minimize oxidation and gum and 


precipitate formation, and to improve storage life. 


. Biocides—to inhibit the growth of bacteria and fungi which 


feed on hydrocarbons, and to help prevent filter-clogging 
caused by these organisms. 


. Rust Preventives—to minimize rust formation in fuel sys- 


tems and storage facilities. 


. Metal Deactivators—to deactivate copper ions, which are 


powerful oxidation catalysts. 


. Flow Improvers—to improve low-temperature handling 


properties of distillate fuels by interfering with formation 
of wax crystals in the fuel. 


. Demulsifiers and Dehazers—to improve the separation of 


water from distillate fuels and to prevent haze. 


. Smoke Suppressants—to minimize exhaust smoke by 


catalyzing more complete combustion of carbonaceous 
materials or by helping to maintain fuel spray patterns. 


. Detergent-Dispersants—to promote engine fuel system 


cleanliness, to help prevent nozzle deposit formation and 
to interfere with precipitate agglomeration, thus maintain- 
ing optimum filtration characteristics. 

Conductivity Improvers—to improve dissipation of elec- 
trostatic charge. 


50 TRACTOR AND SMALL ENGINE MAINTENANCE 


11. Dyes—to serve various identification purposes, including 
tax status. 


CETANE NUMBER 


The ignition quality of diesel fuels is indicated in terms of 
cetane number. Blends of two hydrocarbons are used in deter- 
mining the cetane number of a fuel. Cetane is a hydrocarbon with 
very high ignition quality and was chosen to represent the top of 
the scale with a cetane number of 100. The hydrocarbon called 
alphamethylnaphthalene has very low ignition quality and was 
chosen to represent the bottom of the scale with a cetane number 
of zero. Blends of these two fuels represent intermediate ignition 
quality and their cetane number is the percentage of cetane in 
the blend. For example, a reference fuel blend containing 40 
percent cetane and 60 percent alphamethylnaphthalene is as- 
signed a cetane number of 40. 


A sample of fuel whose cetane number is to be determined 
is tested in a special single-cylinder engine. If the sample fuel has 
the same ignition qualities as a reference fuel with a 40 cetane 
number, the sample is designated a 40 cetane number fuel. 


The relationship between the cetane number of a diesel fuel 
and the performance of a diesel engine should not be confused 
with the relationship between gasoline octane number and spark- 
ignition engine performance. In a gasoline engine, the higher the 
octane number the greater the potential engine performance be- 
cause of the possibility of increased compression ratio or super- 
charging, and the octane number requirement is determined by 
the full-load demand of the engine. In case of a diesel engine, 
the desirable level of cetane number is established by the require- 
ments for good ignition quality at light loads and low tempera- 
tures. 


Cetane Number is a measure of how fast a diesel fuel will 
self-ignite when injected into the engine's combustion spaces. 
When the Cetane Number is high enough, your diesel 
operator will get: 
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—Good starting. 

—Good idling. 

—Smooth, knock-free operation. 

Cetane Number is opposite to Octane Number. 

In a gasoline engine, fuel knock is prevented by the fuel’s 
ability not to self-ignite during any part of the burning 
process. Octane Number is a measure of this gasoline 
property. z 
In a diesel engine, fuel knock is prevented by the fuel’s 
ability to self-ignite fast. Knock and rough running re- 
sult when there is any appreciable ignition delay. The 
lag lets unburned fuel accumulate, finally igniting in a 
sudden explosion that wastes power and results in rough 
running. 
Cetane is most important during starting. Only indirectly 
does it affect power output by preventing fuel knock. 
There is no advantage in using a higher Cetane Number 
than the engine needs. 


STORING FUEL 

Storing fuel on the farm becomes a problem affecting tractor 
maintenance when we consider that the operating efficiency and 
life of the tractor are greatly influenced by the quality and clean- 
liness of the fuel placed in the tractor fuel tank. It is possible to 
purchase high quality, clean fuel and find, later, that the fuel 
- being used to fill the tractor fuel tank is contaminated and low in 
quality because of poor storage and handling facilities on the 


farm. 


There are three major reasons for storing fuel properly: 


l. Safety 
9. Protection from contamination 
3. Protection from evaporation 


We shall consider the problems encountered in storing 
gasoline, diesel fuel, LP Gas, gasohol and diesohol. 
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STORING GASOLINE 


Of the five fuels being considered, gasoline is one of the most 
difficult to store successfully on the farm. Several things happen to 
gasoline in storage: it evaporates and decreases in quality, the gum 
content increases, water gets into the tank by condensation and 
when the gasoline is finally used it does not burn readily and 
warms the engine slowly. 

Let us consider ways of storing gasoline so that evaporation 
loss is decreased, quality is maintained and fire hazards are re- 


duced. 


The underground tank is satisfactory for maintaining quality 
because there is little change in temperature resulting in less 
evaporation and less condensation of moisture in the tank. 

One method of maintaining quality is to use a pressure cap on 
an above-ground tank. Several companies now have these caps on 


EM 


Fig. 3-7, Poor farm fuel storage and handling equipment. A good way to get 
dirt ons n when funnels and cans are left outside. (Courtesy Ameri- 
can Oil Co. 
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3 gallons lost from 290 gallon tank with pressure 
maintained at 3 psi. 


7 gallons lost from 290 gallon underground tank. —— a ———— 
30 gallons lost if supplied from vented drums. 


Fig. 3-8. The type of fuel storage used makes a big difference. The above 
losses were observed in one series of tests in which a 200 gallon average 
supply of gasoline was maintained and 200 gallons were withdrawn per 
month. (Courtesy Purdue University Cooperative Extension Service) 


the market. The cap ordinarily consists of two valves. One is 
spring loaded to permit pressure in the tank to build up to about 3 
pounds per square inch (psi). The other valve is also spring 
loaded, so that when the tank cools and there is a slight negative 
- pressure, air may enter and equalize the pressure. 

Gasoline is a perishable product. Anything that can be done to 
reduce evaporation losses and keep the fuel cool is a good prac- 
tice: 

Pressurized storage can be accomplished by installation of a 
pressure cap at the filler opening as described above. The cap 
must have a vacuum release valve to equalize the pressure when 
the tank cools. On tanks having a separate vent pipe, the pipe must 
be sealed when the pressure cap is installed. 

The installation of a pressure cap will reduce evaporation 
losses, save the light ends of the fuel for cold weather starting and 
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Fig. 3-9. Installation of this pressure cap on a farm tank requires use of a 16" 
pipe wrench. A padlock may be attached in the holes through the flange. 
Before filling a tractor gas tank the operator may relieve the pressure by 
pressing the vacuum release valve. (Courtesy Purdue University 
Cooperative Extension Service) 
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PRESSURE 
VALVE (PV) 


VACUUM RELEASE 
VALVE (VR.) 


ifm 
L — .. VAPORS FROM TANK 


Fig. 3-10. The necessary components to pressurize a fuel storage tank. A 
typical day’s operational cycle might be as follows: 

MORNING—Gasoline temperature rises, vapor pressure starts to in- 

crease. Vapors retained by spring tension on P.V. Pressure tends to hold 


V.R. on its seat. No vapor escape. 
AFTERNOON-—Vapor pressure rises until it exceeds the spring ten- 
sion. P.V. opens to allow escape of enough vapor to return pressure to 3 
si. 
NIGHT—Gasoline cools, vapor pressure decreases to zero and vac- 
uum is formed, At slight negative pressure, V.R. opens, allowing air to 


enter and equalize pressure. 
FILLING TRACTOR TANK—Air will enter through V.R. when fuel is 


withdrawn from the tank. 
(Courtesy Purdue University Cooperative Extension Service) 
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quick warm up, and reduce gum formation and crankcase oil dilu- 
tion. 

Locating tanks in deep shade will aid in cutting evaporation 
losses and condensation. 


SAFETY RECOMMENDATIONS FOR GASOLINE 

1. Keep fire and flame away from gasoline. 

2. Turn engine off before refueling; if possible, refuel when 
engine has cooled. 

3. When refueling, make certain hose nozzle is in constant 
metal-to-metal contact with the tank being filled. Under 
certain conditions static electricity will fire the fumes. 

4. Elevated tanks: 

a. Make certain of stability of tank supports. 


Fig. 3-11. Never smoke around the tractor wh filling the f 1 
tesy John Deere, Moline, Ill.) D d 
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b. Equip and maintain internal check valve at tank outlet. 

c. Equip and maintain self-closing valve at discharge end 
of tank. This valve will close automatically in case of 
fire. 

5. Tanks with opening in top: 

a. If on ground, support bottom of tank on timbers or 
blocks to prevent corrosion. 

b. Use tight, permanently attached pumping device. 

c. Include an effective anti-syphoning device in the pump 
discharge. 

6. Provide a lock for the tank valve; children may play with 
this valve. 

7. Be sure above-ground tanks are grounded for lightning 
protection. 

8. Locate the tank 50 feet away from any building or other 
fire hazard. Locating closer than 15 feet may void the fire 
insurance on a building. 

9. Mark the tank: “Flammable—Keep Fire & Flame Away." 

10. Identify the fuel in the tank: “G” for gasoline, "D" for 
diesel fuel. 

11. Stop leaks in the tank or hose. 

12. Stop leaks in the tractor fuel line or carburetor. 

13. Don't fill the storage tank too full; allow room for expan- 
sion. 

14. Don't fill the tractor tank too full. 

15. If fuel splashes out of the tractor tank, get a new cap; you 
may burn up your tractor. 


STORING DIESEL FUEL 

The importance of proper handling and storage of diesel 
fuel cannot be emphasized too strongly. Many of the difficulties 
with diesel engine operation can be traced to dirt in the fuel. To 
keep fuel injection equipment in efficient operating condition all 
scale, dirt, lint and water must be kept out of the fuel. 
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DIESEL FUEL STORAGE AND HANDLING SUGGESTIONS 
Store fuel in a convenient place outside of buildings. 
A storage tank with a pump and drain is the best means of 
storing fuel. 


VENT MANHOLE 
FOR CLEANING 
FILLER CAP 


REAR OF 
TANK ELEVATED DRAIN COCK FOR DRAWING 
4 INCHES OFF WATER AND SEDIMENT 


INOTE 1—Intake pipe on pump should be 4 inches above tank 
bottom. 

NOTE 2—Tap for filler hose on elevated tank should be 3 
inches above tank bottom. 


Fig. 3-12. One type of fuel storage tank. 


After the tank is filled, allow 24 to 48 hours for water and 
sediment to settle before withdrawing fuel for the tractor. 

Have the tank firmly anchored on a strong platform for sta- 
bility. 

Drain water and sediment from the tank frequently. 

The hose nozzle should be capped when not in use to keep 
dust out. 


Never store diesel fuel in galvanized (zinc-coated) tanks. Die- 
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sel fuel causes the zinc to flake off. The flakes can plug up the fuel 
filters. Always use plain steel tanks. 


If a container is used to carry fuel from the storage tank to 
the tractor, keep it clean with a cover and flush it out with some 
fuel before use. 

Barrels are not recommended for fuel storage. 

If barrels are used, keep the rear end of the barrel lower so 
that water and dirt will settle at the rear and not be drawn out of 
the spigot. 

Place barrels in such a position that they will not have to be 
moved before withdrawing the fuel. 

Do not try to remove all the fuel from a tank or barrel for 
the purpose of filling the tractor fuel tank. Empty the remaining 
fuel into a container and let it settle out before using it. 

Store barrels under shelter to prevent water from getting into 
them. 

If barrels must be used for storage, provide enough barrels 
to allow sufficient time for settling. 


K 1S FILLED AFTER 

1. WARM MOIST AIR 2. AS AIR COOLS, MOISTURE 3. IF TAN 
REPLACES GASOLINE DEPOSITS ON SIDE OF TANK STOPPING MACHINE, i Is 
USED FROM FUEL TANK AND RUNS INTO FUEL NO ROOM FOR MOIST A 


Fig. 3-13. Keep the fuel tank full to reduce condensation of moisture from 
the air in the tank when the temperature drops at night. (Courtesy Deere 
& Company Service Publications) 
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The tractor fuel tank should be filled at the end of the day's 
run, after the tractor has cooled. This will reduce condensation by 
reducing the air space in the tank. 


Don’t mix other fuels with diesel fuel. 


STORING LP GAS 


LP Gas under moderate pressure becomes liquid and is 
handled and shipped in the liquid state. In the gaseous state this 
fuel presents hazards common to other types of gases, except that 
it is heavier than air and will collect in low places in case there 
is a leak in a storage tank or fuel transfer device. It is well to 
follow the recommendations of the supplier in storing and han- 
dling LP Gas. If these recommendations are followed, the fuel 
should be no more dangerous to handle than gasoline. 


Liquefied Petroleum Gas Storage 
Above-ground tanks are recommended for LP Gas to enable 
VAPOR-RETURN LINE 
nae N LIQUID FILL 
ka LINE 
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Pul iade. 
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Fig. 3-14. An approved above-ground storage tank for LP Gas. (C 
John Deere, Moline, Ill.) 5 as. "Courtesy 
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the detection of leaks. This fuel is under very high pressures and 
thus requires carefully installed facilities. 

Tanks with Underwriters’ Laboratories’ approval label should 
be purchased. The most important consideration in the installation 
of one of these containers, which is to serve a house as well as 
vehicles, is its foundation. Freezing and thawing causes movement 
of the tank if not on a deep foundation. This movement may crack 
the fittings to the tank and allow the gas to escape. 

The vapors of this fuel are heavier than air. They will settle in 
low spots on the ground or in a building and thus create an explo- 
sive mixture. An artificial odor is manufactured into LP Gas for the 
detection of leaks. Soap suds are another effective method to check 
connections. Never use flame for leak detection. Repair leaks im- 
mediately. 

Storage tanks for LP Gas should be located at least 50 feet 
from buildings or property lines and away from other fuel tanks. 

LP Gas fuel tanks should never be filled 100 percent full. 
A 10 percent to 20 percent vapor space must be allowed for ex- 
pansion of the fuel with temperature increases. 


GASOHOL AND DIESOHOL HANDLING AND STORAGE 


Some individuals bum either a mixture of gasoline and al- 
cohol called gasohol or a mixture of diesel fuel and alcohol called 
diesohol. These fuels have some unique characteristics due to 
their alcohol content, generally 10 percent. 

Gasohol and diesohol evaporate more quickly, thus increasing 
the amount of fuel wasted during storage. 

Gasohol and diesohol burn more easily, so there is a slightly 
greater danger of fire in the fueling area. 

Gasohol and diesohol may corrode metal fuel system parts. 

Alcohol is a solvent; therefore, it may damage some rubber 
and plastic parts in the engine. 

Both fuels burn at a hotter temperature than the engine is de- 
signed for. Any changes necessary should be made after mechanic 
or dealer is consulted. 
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SAFETY PRECAUTIONS 

l. Operate engine in well ventilated areas. 

. Engine and fuel system repair work should be done in well 
ventilated area to avoid low pockets such as unventilated 
pits. 

3. Don't store vehicles over unventilated pits (garaging). 

4. Shut off fuel tank valve and run engine out of fuel before 

doing engine work. 


bo 


5. Avoid open flames near repair work, use danger signs and 
prohibit smoking in area. 


. Ventilate engine compartment after servicing. 
. On accident vehicles, check for leaks before inside storage. 
. Work on fuel tank should be done by specialized people. 


oan sd 


. Never use LP Gas for cleaning parts, blowing horns, in- 
flating tires, cleaning out cab and other uses not intended 
for LP Gas and where there is.no control of the fuel. 


10. After repairs check for leaks—by smell or soapy water. 
NEVER A FLAME. 


11. Use a vapor return line when refueling LP Gas. 


12. Do not replace high pressure fittings with other than high 
pressure parts. 

13. Fuel system should have a safety shut-off controlled by 
engine ignition switch. 

14. Have CO» or dry powder fire extinguisher available. 

15. Never vent fuel system in an enclosed area. 

16. Drain the fuel system prior to storing vehicles for extended 
periods. 


ENGINE LUBRICATING OILS 


There have been many important changes and improvements 
in lubricating oils in recent years. These improvements have been 
made to meet the lubrication needs of the modern high perform- 
ance engine and are a result of close association and cooperation 
between the petroleum industry and engine manufacturers. 
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ARTE E 


Fig. 3-15. Large, high performance diesel engines require that the oil level 
be checked daily; if it is low, the quality and type of oil recommended 
by the manufacturer should be used. (Courtesy Steiger Tractor, Inc.) 


The engine crankcase oil has at least five main functions to 
perform: 


* It reduces friction between moving parts in the engine. 
e It reduces wear as much as possible. 
e It lubricates cylinder walls and piston rings and forms a 
seal between them. 
e It absorbs heat and helps conduct it to the cooling 
system. 
e It acts as a cushion to absorb shock loads and helps 
deaden engine noise. 
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The straight mineral oil used several years ago cannot ade- 


quately perform all these functions, so the high quality modern 
oil is a blend of lubricating oi] and chemicals called additives. 
One of these additives is a detergent and this gives us the popular 
term, detergent oil. A modern top quality motor oil may contain 
a combination of the following additives: 


l. 


Detergent-dispersant additive helps keep metal surfaces 
clean and keeps deposit-forming materials dispersed through- 
out the oil so they may be drained out with the old oil. 
Particles of soot and oxidized oil or fuel are so fine they pass 
through the oil filter and continue to be carried by the oil 
until drained. Black oil indicates that an oil is helping keep 
the engine clean by carrying combustion particles, rather 
than letting them accumulate in the engine as sludge. 


Oxidation inhibitor additive helps keep the oil from oxidizing 
at high temperatures. Helps prevent acid, sludge and 
varnish formations. Protects alloy bearings from corrosion. 


Anti-corrosion additive helps prevent damage to alloy bear- 
ings from corrosive acids formed as a natural by-product of 
combustion. Protects other metal surfaces from corrosion and 
works with the oxidation inhibitor. 


Anti-rust additive prevents rusting of metal parts during 
storage periods or over weekends when the tractor is not 
used. Neutralizes acids to make them less harmful. Forms a 
protective coating on metal surfaces. 


Foam inhibitor additive helps keep the oil from foaming as it 


circulates rapidly by speeding the rate at which air bubbles 
break up. 


Pour point depressant additive prevents wax crystals from 
congealing in extremely cold temperatures to interfere with 
oil flow and adequate lubrication. 


Extreme pressure additive assures lubrication between close- 
fitting parts under extreme pressure to prevent metal-to-metal 
contact. This reduces friction and helps prevent galling, scor- 
ing, seizure and abnormal wear. 
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8. Viscosity index improver additive makes possible multi- 
viscosity oils that span a wide range of viscosity grades com- 
pared to single viscosity oils. Lighter oils give good lubrica- 
tion and aid in starting at lower temperatures. Heavier oils 
give good lubrication and protection at high temperatures 
but thicken and cause hard starting and improper lubrication 
at low temperatures. The multi-viscosity oils have beneficial 
properties of both light and heavy oils. ; 


CHOOSING LUBRICATING OIL 


The operator's choice of lubricating oil may seriously affect 
the useful life of the tractor engine. There are two very im- 
portant factors to be considered when selecting lubricating oil for 
any engine. One is the SAE viscosity or weight of oil to use for 
the anticipated air temperature, and the other is the quality as 
indicated by the new API Engine Service Classification System. 


VISCOSITY 


SAE viscosity numbers classify oils according to viscosity only 
and indicate nothing about quality or serviceability of the oil. 
The classification simply means that at certain specified tempera- 
tures a certain amount of oil will run through a certain sized hole 
in a certain number of seconds. 

Lubricating oils are available with the following SAE single 
viscosity numbers: 5W, 10W, 20W, 20, 30, 40, 50. Single viscosity 
. oil is usually recommended for heavy duty diesel engines. 
Multi-viscosity oil is available in many SAE numbers such as: 
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Fig. 3-16. Overlap comparison of single viscosity and multi-viscosity oils. 
(Courtesy American Oil Co.) 
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5W-20, 10W-20, 10W-30, 10W-40, 20W-40, 10W-50. These oils 
span several SAE single viscosity classifications. Multi-viscosity 
oils are widely used in automobiles, trucks and spark ignition 
tractor engines operating under low temperature conditions. For 
tractor engines operating in typical summer temperatures, a single 
viscosity oil is usually recommended. 

A 10W-30 multi-viscosity oil has the low temperature viscos- 
ity of a 10W oil and the high temperature viscosity of an SAE 30 
oil. The addition of viscosity index improvers to the oil by the oil 
company makes possible the multi-viscosity oil. 

A multi-viscosity oil permits easier starting in cold weather 
and better lubrication during the warm-up period, when most en- 
gine wear is likely to take place. Most manufacturers of larger die- 
sel tractors recommend SAE 30 oil for ambient air temperatures 
above 32?F. The operator should follow the manufacturer's rec- 
ommendation when substituting multi-viscosity oil for single vis- 
cosity oil. 


QUALITY 


Until recently, the tractor operator had to depend on the re- 
liability of the manufacturer in selecting the quality of oil to use in 
an engine. The operator should still depend on reputable manufac- 
turers, but a designation is now available that may be used in de- 
termining the oil to use for the type of service under which the 
engine will be operated. This designation is the system of API 
(American Petroleum Institute) Engine Service Classifications. 

The American Petroleum Institute in 1947 adopted a system 
which designated crankcase oils as: Regular type, Premium type, 
and Heavy Duty type. Generally, the Regular type oils were 
straight mineral oils; Premium type oils contained oxidation in- 
hibitors; and Heavy Duty type oils contained oxidation inhibitors, 
plus detergent-dispersant additives. 

This oiltype classification system did not recognize that 
gasoline and diesel engines might have different crankcase oil re- 
quirements or that the engine requirements would be affected by 
engine operating conditions, composition of the fuel and other 
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factors. It became evident to both the oil and engine manufac- 
turers that the recognized oil-type definitions were inadequate. 
As a result, the Lubrication Subcommittee of the American Pe- 
troleum Institute, cooperating with the American Society for 
Testing and Materials, developed a new system of Engine Service 
Classification in 1952 which was revised in 1955 and again in 1960. 

This API Engine Classification System described and clas- 
sified, in general terms, the service conditions under which en- 
gines were operated. The system included three service classifica- 
tions for gasoline engines (ML, MM and MS) and three for diesel 
engines (DG, DM and DS). 

While this system was a great improvement over the earlier 
system, it eventually became apparent that more effective means 
of communicating engine oil performance and engine service 
classification information between engine manufacturers, the pe- 
troleum industry and the customer was required. 

Accordingly in 1969 and 1970 the American Petroleum In- 
stitute (API), the American Society for Testing and Materials 
(ASTM) and the Society of Automotive Engineers (SAE) co- 
operated in establishing an entirely new classification system. SAE 
determined that there were eight separate categories of auto- 
motive type engine oils of current substantial commercial interest. 
ASTM established the test methods and performance character- 
istics and technically described each of the categories (ASTM 
Research Report RR D2:1002 January 1970). API prepared a 
"user" language, including new engine service letter designations . 
for each of the eight different operating conditions for which the 
eight different types of engine oil were suited. These eight engine 
service classifications were correlated to the ASTM technical 
descriptions and primary performance criteria. SAE then pub- 
lished the entire project result as SAE Recommended Practice J 
183. 

Late in 1970, a ninth class of service was added to reflect the 
anticipated service requirements of new model automobiles. This 
addition is technically described in the January 1971 revision to 
ASTM Research Report RR D2:1002. 
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In devising the API Engine Service Classification System, it 
was recognized that the satisfactory performance of internal 
combustion engines is dependent mainly on a suitable combina- 
tion of the following factors: 


Engine Design and Construction 
Fuel 
Operating Conditions 
Lubricating Oil 
Maintenance Practices 


These factors fix the lubrication requirements of an engine. 


Engine design and construction vary widely in accordance 
with the emphasis placed by individual engine manufacturers on 
different features of design and construction. 

Fuels, especially diesel fuels, also differ, depending upon the 
crude oil and the refining method used. 

Operating conditions of engines vary from operation under 
light or intermittent load, often accompanied by prolonged 
idling, to extreme overloading; and from driving at low or 
moderate speeds to continuous high-speed operation. Ambient 
temperatures may range from subzero cold to desert heat. 

Lubricating oil characteristics and performance depend on 
the crude oil source, refining methods used, base stocks selected 
and the additives which may be incorporated in the finished oils 
by the manufacturers. Since engine design and operating condi- 
tions are so variable, oils are made with different performance 
properties, some being suitable only for the lightest service, 
others for a wider range of service. 

Maintenance practices of engines vary. Despite good engine 
design, favorable operating conditions and the use of the best 
fuels and lubricants, unsatisfactory performance will occur from 
faulty carburetor adjustment; lack of periodic engine tune-ups; 
improper thermostatic control; improper operation of positive 
crankcase ventilation (PCV) systems, exhaust and other emission 
control devices; extended oil drain and oil filter replacement in- 
tervals; and failure to maintain clean air filters. 
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The new API Engine Service Classification System continues 
to define and explain classes of service for both diesel and gaso- 
line engine applications. It provides a means of identifying ser- 
vice requirements with oil performance from a lubrication stand- 
point. These requirements range from the mildest requiring 
minimum protection against deposits, wear or rust to the severe 
requirements imposed on automotive gasoline engines by: 


Short trip, start-and-stop service 
High-temperature trailer towing 
Sustained high-speed, high-temperature driving 


and on supercharged diesel engines operating on high sulfur fuel. 


DEFINITIONS AND EXPLANATION OF 
API ENGINE SERVICE CLASSIFICATIONS 


The latest revised API Engine Service Classification System 
presently includes 10 classes of service—6 for service stations and 
4 for commercial classifications. It is an “open-ended” system 
which permits the addition of new categories as required without 
changing or deleting existing categories. 

The API letter designations identifying the 10 service clas- 
sifications, with reference to the previous API system and to re- 
lated military and industry designations, are summarized in the 
following chart. 


New API Engine Previous API Engine Related Designations 
Service Classifications Service Classifications Military and Industry 


Service Station Engine Services 


SA ML Straight mineral oil 

SB MM Inhibited oil 

SE MS (1964) 1964 MS Warranty 
Approved, 
M2C101A 

SD MS (1968) 1968 MS Warranty 
Approved, 
M2C101Bs 


6041-M (Prior to 
July 1970) 
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SE None 1972 Warranty 
Approved, 
M2C101Cs 

6041-M (July 1970) 

SF None 1980 Warranty 

Approved 
Commercial and Fleet Engine Services 

CA DG MIL-L-2104A 

CB DM Supp. 1 

CC DM MIL-L-2104B 

CD DS MIL-L-45199B, 
Series 3 


The following descriptions of API Engine Service Classifica- 
tions are intended as guides to aid in the selection of the proper 
engine oils for significantly different engine conditions. 


*S"—SERVICE (Service Stations, Garages, etc.) 
SA for Utility Gasoline and Diesel Engine Service 


Service typical of engines operated under such mild condi- 
tions that the protection afforded by compounded oils is not re- 
quired. This classification has no performance requirements. 


SB for Minimum Duty Gasoline Engine Service 


Service typical of gasoline engines operated under such mild 
conditions that only minimum protection afforded by compound- 
ing is desired. Oils designed for this service have been used since 
the 1930's and provide only antiscuff capability and resistance to 
oil oxidation and bearing corrosion. 


SC for 1964 Gasoline Engine Warranty Maintenance Service 


Service typical of gasoline engines in 1964 through 1967 
models of passenger cars and some trucks operating under 
engine manufacturers’ warranties in effect during those models’ 
years. Oils designed for this service provide control of high- and 
low-temperature deposits, wear, rust and corrosion in gasoline 
engines. 
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SD for 1968 Gasoline Engine Warranty Maintenance Service 


Service typical of gasoline engines in 1968 through 1970 
models of passenger cars and some trucks operating under engine 
manufacturers’ warranties in effect during those models’ years. 
Also may apply to certain 1971 and/or later models as specified 
(or recommended) in the owners’ manuals. Oils designed for 
this service provide more protection against high- and low- 
temperature engine deposits, wear, rust and corrosion in gasoline 
engines than oils which are satisfactory for API Engine Service 
Classification SC and may be used when API Engine Service 
Classification SC is recommended. 


SE for 1972 Gasoline Engine Warranty Maintenance Service 


Service typical of gasoline engines in passenger cars and 
some trucks, beginning with 1972 and certain 1971 models, oper- 
ating under engine manufacturers warranties. Oils designed for 
this service provide more protection against oil oxidation, high- 
temperature engine deposits and rust and corrosion in gasoline 
engines than oils which are satisfactory for API Engine Service 
Classification SD or SC and may be used when either of these 
classifications is recommended. 


SF for 1980 Gasoline Engine Warranty Maintenance Service 


Service typical of gasoline engines in passenger cars and 
some trucks beginning with the 1980 model operating under en- 
gine manufacturers’ recommended maintenance procedures. Oils 
developed for this service provide increased oxidation stability 
and improved anti-wear performance relative to oils which meet 
the minimum requirements for API Engine Service Classification 
SE. These oils also provide protection against engine deposits, 
rust and corrosion. Oils included in API Engine Service Classifica- 
tion SF may be used when API Engine Service Classification SE, 
SD or SC is recommended. 

A service station oil suitable for servicing new cars under war- 
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ranty would be referred to as “API Service SE.” If oils are suitable 
for more than one service, it is appropriate that these oils be so 
designated, for example, “API Service CC and SE. 


TIGER |: 


es UAM 


Fig. 3-17. Large four-wheel drive tractors require several gallons of high 
quality oil for efficient operation and long engine life. (Courtesy Steiger 
Tractor, Inc.) 


“C”—COMMERCIAL (Fleets, Contractors, Farmers, etc.) 


CA for Light Duty Diesel Engine Service 


Service typical of diesel engines operated in mild to moderate 
duty with high quality fuels but occasionally has included gaso- 
line engines in mild service. Oils designed for this service provide 
protection from bearing corrosion and from high-temperature 
deposits in normally aspirated diesel engines when using fuel of 
such quality that they impose no unusual requirements for wear 


and deposit protection. They were widely used in the late 1940s 
and 1950's. 
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CB for Moderate Duty Diesel Engine Service 


Service typical of diesel engines operated in mild to moder- 
ate duty, but with lower quality fuels which necessitate more 
protection from wear and deposits. Occasionally has included 
gasoline engines in mild service. Oils designed for this service 
provide necessary protection from bearing corrosion and from 
high-temperature deposits in normally aspirated diesel engines 
with higher sulfur fuels. Oils designed for this service were-intro- 
duced in 1949. 


CC for Moderate Duty Diesel and Gasoline Engine Service 


Service typical of lightly supercharged diesel engines—op- 
erated in moderate to severe duty—and certain heavy-duty gaso- 
line engines. Oils designed for this service provide protection 
from high temperature deposits in lightly supercharged diesels 
and also from rust, corrosion and low temperature deposits in 
gasoline engines. These oils were introduced in 1961 and used in 
many trucks and in industrial and construction equipment and 
farm tractors. 


CD for Severe Duty Diesel Engine Service 


Service typical of supercharged diesel engines in high-speed, 
high-output duty requiring highly effective control of wear and 
deposits. Oils designed for this service were introduced in 1955 
and provide protection from bearing corrosion and from high 
temperature deposits in supercharged diesel engines when using 
fuels of a wide quality range. 


Oil Contamination 
Under normal tractor operation the crankcase oil becomes 
contaminated with materials that get into the engine from the 


outside (external contaminants) or get into the oil from other parts 
of the engine or are formed in the engine (internal contaminants). 


External Contaminants 
Dirt and dust are breathed in with the combustion air in 
spite of the air cleaner. 
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Dirt and dust enter the crankcase through the crankcase 
breather in spite of the small air cleaner at the breather outlet. 


Internal Contaminants 


Unburned fuel is carried down past the rings during cold 
weather operation and during the warm up period. This dilutes 
the crankcase oil. 


Water vapor, a product of combustion, tends to condense 
and collect in the crankcase during cold weather operation. 
Water causes rusting, especially during periods when the tractor 


DIRT AND DUST ENTER THROUGH 
CRANKCASE VENTILATION SYSTEM 


WATER AND ANTI-FREEZE 
ENTER THROUGH 
COOLING SYSTEM LEAKS 


UNBURNED FUEL, WATER - 
VAPOR AND FUEL SOOT 
FROM PISTON BLOW-BY 


OIL OXIDATION PRODUCTS 
FORM IN CRANKCASE 


Fig. 3-18. How various contaminants get into an automobile or truck engine. 
The same contaminants get into a tractor engine. Draining the crankcase 
regularly will remove them. (Courtesy American Oil Co.) 
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is not used frequently. Water also combines with other contam- 
inants to form cold-engine sludge, a grey, pasty-like material 
which can plug oil filters, rings and oil lines. 

Fuel soot accumulates as a result of incomplete burning of 
the fuel. ; 

Cooling water can leak into the crankcase. If anti-freeze gets 
into the crankcase, deposits may form which will cause engine 
seizure. 

Oil oxidation will take place as a result of high temperature 
operation and, if allowed to accumulate, may cause varnish and 
other hot-engine sludge formations. 


Oil Change Recommendations 


The primary purpose of draining the oil in an engine is to 
remove the contaminants that have accumulated in that oil. The 
additives in a modern oil can perform their functions until the 


Fig. 3-19. A plugged oil filter due to low temperature operation and im- 
proper servicing. (Courtesy American Oil Co.) 
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recommended oil change period, but if the oil is kept in the engine 
beyond this period they tend to lose their effectiveness and engine 
deposits may form. 


The engine manufacturer’s recommendation should be fol- 
lowed in changing oil and in changing filters. If the tractor is used 
for chore-work, change oil more frequently. In extremely dusty 
conditions, change more frequently. The most important single 
factor in keeping the engine clean is to drain the oil when the 
engine is hot. 


The oil change interval recommended by most tractor manu- 
facturers varies from 75 to not over 100 hours under good condi- 
tions. When the tractor is operated under unusual conditions, 
such as excessive heat, cold, dust, frequent starts and stops, or 
with poor quality fuels or lubricants, the oil should be changed at 
more frequent intervals. 


STORING AND HANDLING LUBRICATING OILS 


Lubricating oil is clean when delivered. It is usually in drums 
or sealed cans. There are several precautions to observe in keeping 
oil clean and uncontaminated until it can be placed in the engine. 


Inside storage — 


l. Store drums and cans in a dust free location. 


2. Keep pumps, filler cans, measures and funnels free from 
dust. 


3. Wipe off top of drum before changing pump. 


Outside storage — 


1, Store drums under shelter. 

2. Tighten bungs with a wrench and wooden hammer. 

3. If cover can not be provided, store drums on their sides on 
a rock. 

4. If drums must be stored upright, tilt them so that water 
will collect away from bungs. 
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General suggestions— 


I; 


2. 
3. 
4. 


Wipe off around filler pipe of engine before putting in new 
oil. 

Wipe off end of can before opening canned oil. 

Keep funnels, filler cans and filler spouts clean. 

Wipe up spilled oil. 


GREASE f 


Greases are most often used instead of fluids where a lubri- 
cant is required to maintain its original position in a mechanism, 
especially where opportunities for frequent re-lubrication may be 
limited. This requirement may be due to the physical configura- 
tion of the mechanism, the type of motion, the type of sealing or 
the need for the lubricant to perform all or part of any sealing func- 
‘tion in the prevention of lubricant loss or the entrance of contami- 
nants. Because of their essentially solid nature, greases do not per- 
form the cooling and cleaning functions associated with the use of 
a fluid lubricant. With these exceptions, greases are expected to 
accomplish all other functions of fluid lubricants. 

A satisfactory grease for a given application is expected to: 


IR 


2: 
3. 
. Resist leakage, dripping, or undesirable throw-off from 


Provide adequate lubrication to reduce friction and to pre- 
vent harmful wear of bearing components. 

Protect against corrosion. 

Act as a seal to prevent entry of dirt and water. 


lubricated surfaces. 


. Resist objectionable change in structure or consistency 


with mechanical working (in the bearing) during prolonged 
service. 


. Not stiffen excessively to cause undue resistance to motion 


in cold weather. 


. Have suitable physical characteristics for the method of 


application. 


. Be compatible with elastomer seals and other materials of 


construction in the lubricated portion of the mechanism. 
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9. Tolerate some degree of contamination, such as moisture, 
without loss of significant characteristics. 


Lubricating grease is ordinarily a blend of lubricating oil and 
soap with stabilizers and additives. The kind of soap used deter- 
mines the special properties of the grease. Calcium, sodium and 
lithium soaps are most commonly used. 


Calcium soap—pressure gun or chassis grease. 
Sodium soap—wheel bearing grease. 
Lithium soap—multi-purpose grease. 


The development of multi-purpose grease has made it pos- 
sible for the tractor operator to use one grease for all grease 
fittings and hand packed bearings. 

Many operator's manuals recommend wheel bearing grease 
for packing wheel bearings, but multi-purpose grease is now 
considered to be satisfactory for wheel bearing lubrication. It 
is recommended that wheel bearings be packed only one half 
to two-thirds full with multi-purpose grease. 

Greases are commonly classified by type of usage, specific 
properties and specific application (in addition to chemical com- 
position). SAE (Society of Automotive Engineers) recognizes the 
following designations for greases: 


Wheel Bearing Grease 
—has high resistance to effects of temperature 
—has resistance to separating effects of centrifugal force 
—has good anti-rust properties 
—does not suffer excessive softening which could result in 
leakage 
Universal Joint Grease 
—is suitable for the lubrication of universal joints requiring 
grease lubrication 
—some universal joint designs require lubricants other than 


the usual joint type (consult manufacturer's recommenda- 
tions) 
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Chassis Grease 
—has relatively high viscosity at high shear rates 
—greases of proper consistency to be applied periodically 
following manufacturers’ recommendations 
—can be applied with grease guns through grease fittings 
ELI (Extended-Lubrication-Interval) Chassis Grease 
—has composition, structure, consistency, life, anti-wear 
and anti-corrosion abilities to permit use in suspensions, 
drivelines and steering systems employing sealed joints 
—normally does not require relubrication for comparatively 
long intervals 
—seal life is critical to prevent entrance of water, dirt and 
other contaminants, and to minimize leakage 
Multi-purpose Grease-EP (Extreme-Pressure) Grease 
—has high load-carrying capacity 
—has a surface active additive that imparts anti-wear or 
anti-seize properties 
— properties may be incorporated in any of the usage types 


Mixing of different types of greases in wheel bearings should 


be avoided since it might result in excessive thinning and leakage. 
Excessive dispensing pressures and pumping rates are to be 
avoided. They tend to cause seal rupture and deformation and are 
wasteful of lubricant. 


Most manufacturers recommend Multi-purpose Grease 


(Lithium No. 2 above 32°F. and Lithium No. 1 below 32°F.) for the 
lubrication of modern farm equipment. 


General suggestions — 


1. Keep the grease containers in a dust free place. 

2, Wipe off the grease gun before filling it. 

3. A method of filling the grease gun without exposing the 
grease to dust and dirt is recommended. There are several 
devices on the market. 

4. Always wipe off grease fittings before applying grease. 
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Don't force dirt into a bearing. Wipe off excess grease after 
greasing. 


5. Grease the tractor at the end of the day when it is warm. 


HYDRAULIC AND POWER SHIFT TRANSMISSION FLUID 


The hydraulic and power shift transmission fluids must per- 
form the following five functions: 


5. 


1. Transmit hydrodynamic energy in a torque converter. 

2. Transmit hydrostatic energy in hydraulic circuits. 

3. 

4. Provide proper frictional properties in lubricated bands 


Lubricate bearings, bushings, gears and moving parts. 


and clutches. 
Provide heat transfer medium for liquid- or air-cooled sys- 
tems to maintain suitable operational temperature ranges. 


Important properties of hydraulic and power shift transmis- 
sion fluids are: 


dk. 
2. 


Viscosity—must flow readily at low temperatures. 
Foaming characteristics—must have suppressed foaming 
tendencies to prevent erratic pump and hydraulic control 
response. 


. Fluid/seal compatibility—must have proper seal swell, 


shrink and hardening tendencies. 


. Rust protection—must prevent rust formation in the sys- 


tem. 


. Wear resistance—must inhibit scoring and wear of rubbing 


surfaces. 


. Oxidation stability—must be capable of operating at tem- 


peratures up to 150°C. (300°F.). 


Always select the hydraulic and power shift transmission fluid 
that is recommended by your manufacturer. 


QUESTIONS 


1. What are the three fuels commonly used in modern tractors? 
2. What is the meaning of compression ratio? 


pou cnt cured 
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Why is a high compression engine more efficient? 
What is the meaning of octane number? 

What is detonation or "knocking"? 

What causes detonation? 

What is the meaning of cetane number of diesel fuel? 


. Do octane number and cetane number indicate similar 


qualities in fuel? 


. What is the difference between summer grade and winter 


, 


grade gasoline? 


. What is the difference between Grade 1-D and 2-D diesel 


fuel? 


. Why is storing a large quantity of fuel a poor practice? 
. Why is gasoline difficult to store? 


Explain the operation of a pressure cap on a gasoline stor- 
age tank. 


. What are the major safety precautions in storing and han- 


dling gasoline? 


. What precautions should be followed in storing LP Gas? 
. What important suggestions should be followed in storing 


diesel fuel? 


. How do gasohol and diesohol differ from gasoline and diesel 


fuel? 


. What are the uses of lubricating oil in the engine crankcase? 

. What are the additives in a modem lubricating oil? 

. What is the difference between 10W and 10W-30 oil? 

. What is the difference between a Service SD oil and a Service 


SE oil? 


. What contaminants accumulate in crankcase oil? 
. What suggestions should be followed in handling grease? 
. What is the difference between wheel bearing grease and a 


multi-purpose grease? 


. How do greases differ from fluid lubricants? 
. What physical properties should a good quality grease pos- 


sess? 


. What functions must a hydraulic and power shift transmission 


fluid possess? 
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PREVENTIVE MAINTENANCE 


With careful maintenance, this tractor with a 426 cubic 
will give many hours of service. (Courtesy Allis-Chalmers Corp.) 


inch displacement 


CHAPTER 4 


THE MEANING OF | 
PREVENTIVE MAINTENANCE 


INTRODUCTION 


The modern farm tractor is the result of many years of 
development. Its present efficiency is possible because of engi- 
neering progress in design, metallurgy, fuels, lubricants and man- 
ufacturing methods. The modern tractor engine is very closely 


Fig. 4-1. The modern tractor works long hours in clouds of dirt and dust. It is 
fitted with accessories designed to keep grit away from vital working 
parts. Do your part by keeping the accessories working efficiently. 
(Courtesy Massey-Ferguson, Inc.) 
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related to the modern truck, automobile, small airplane, speed 
boat and diesel-powered locomotive. All have one feature in 
common; the internal combustion engine. The engine used may be 
two or four stroke cycle; single or multiple cylinder; manifold or 
solid fuel injection; low, medium or high compression; a gasoline 
or fuel-oil burner; but it is still an internal combustion engine. All 
internal combustion engines have many things in common. They 
all require constant, systematic, intelligent care and maintenance 
to insure greatest efficiency, freedom from trouble and long life. 
Maintaining peak efficiency in the modern tractor is largely a 
matter of following fairly well-defined maintenance practices. 
The farm tractor is a hard-working piece of precision ma- 
chinery. It is capable of working long hours at capacity loads in 
the heat and dust of summer or in the cold and snow of winter. 


Fig. 4-2. A modern tractor must operate efficiently in the heat of summer as 
well as in the cold of winter. (Courtesy International Harvester Co.) 
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The finest and most appropriate materials go into its construction. 
Highly skilled workers use highly specialized and intricate tools in 
its manufacture. Fine adjustments are made to insure satisfactory 
operation over a long period of time. 

The manufacturer guarantees good materials and quality 
work. Continued good performance over a long period of time, 
however, is strictly up to the operator. A careless operator can 
allow a tractor engine to ruin itself in a few minutes or a few hours. 
A careful operator can greatly prolong the useful life and efficiency 
of a similar engine. 

The authors know of many instances in which tractor engines 
have had to be overhauled because simple maintenance and ser- 
vicing was not done. 


Example 1. The hose connection between the carburetor and air 
cleaner was removed to relieve a flooded carburetor. The tractor 
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Fig. 4-3. A cracked air cleaner hose connection. (Courtesy American Oil Co.) 
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was started and operated one half day before the loose connec- 
tion was noticed. A complete overhaul, which included bearings, 
valves, valve guides, sleeves, rings and pistons, was necessary. 


Example 2. The upper hose connection between the carburetor 
and air cleaner on this tractor deteriorated and cracked. The 
tractor was pulling a combine in soybeans. There was a gradual 
loss of power and when the tractor was taken into the shop for 
repair a new engine had to be installed. 


Fig. em An air cleaner pipe with a hole worn in it. (Courtesy American Oil 
o. 


Example 3. An engine had to be replaced in a new tractor because 
of high oil consumption. The cylinder walls were scored. A fac- 
tory representative was sent out when there was a complaint of 
loss of power on the replacement engine. He found the operator 
pulling a wagon, loading baled hay with the tractor idling at less 
than half the slow idle speed recommended. The operator thought 
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there was adequate lubrication because the oil pressure gauge 
showed pressure. 


Example 4. An engine had to be replaced in a new tractor because 
the engine ran low on oil. The operator did not follow the man- 
ufacturer's recommended oil change interval and had run the en- 
gine for an extended period of time on the SAE-20 break-in oil. 
The low oil level warning light was not functioning correctly; 
therefore, the operator thought everything was all right. 


It is with the hope of preventing similar costly, unnecessary 
repairs that this book has been written. 


PREVENTIVE MAINTENANCE 
By preventive maintenance we mean— 
— Servicing, 
Adjusting, 


Fig. 4-5. Modern farm tractors utilize warning lights to monitor key func- 
tions. This system has warning lights for Differential lock, 1; Engine oil 
pressure, 2; Power shift oil pressure, 3; Air filter, 4; Hydraulic oil tem- 
perature, 5; Coolant level, 6; Alternator, 7; Transmission oil pressure, 8; 
PTO clutch pressure, 9; Parking lock, 10; and Transmission oil filter, 11. 
(Courtesy Massey-Ferguson, Inc.) 
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Operating, 
Repairing, and 
Caring for a tractor so that— 
Unnecessary wear is prevented, 
Time lost due to breakdowns is held to a minimum, 
Satisfactory performance is the rule rather than the exception, 

The useful life built in by the manufacturer is profitably 
realized by the operator. 

The key person in preventive maintenance is the tractor 
operator. There is a great deal of difference between an operator 
and a person who merely drives the tractor. 

The careful operator is familiar with the tractor. He or she has 
studied the operator's manual, understands how to correctly oper- 
ate the controls and watches the oil pressure and temperature 
gauges and charge indicator. The operator sees that the tractor is 
regularly serviced with the right fuel, oil, grease and coolant. The 


Fig. oid p instrument panel and controls. (Courtesy Ford Tractor Opera- 
ions 
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Fig. 4-7. The tractor will respond to frequent lubrication. (Courtesy John 
Deere, Moline, Ill.) 


* TUE Deas. : S A ow 
Fig. 4-8. A plugged air cleaner from a tractor that had been taken to a dealer 


? 
for overhaul because of loss of power. This oil bath air cleaner had not 
been serviced for a long time. Note the plugged screen. (Courtesy Pur- 
due University Cooperative Extension Service) 


Fig. 4-9. Clashing gears cause unnecessary wear. (Courtesy John Deere, 


Moline, Ill.) 
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Fig. 4-10. Tractor gears are strong and sturdy, but a worn bearing will soon 
allow them to cut out due to misalignment. (Courtesy American Oil Co.) 
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operator is alert for any odd sound or action in the tractor that 
might indicate faulty functioning of any part. This person operates 
the tractor at the correct speed in the right gear for the job. He or 
she protects the tractor when it is stored for a period of time. 


The careful operator needs correct information, experience 
and desire to succeed with preventive maintenance. The best 
source of information is the operators manual supplied ,by the 
manufacturer, plus the advice of the service manager at the local 
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Fig. 4-11. Adjusting 
Ill.) 


valve tappet clearance. (Courtesy John Deere, Moline, 
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dealers. Experience is gained by operating and maintaining the 
tractor. A mistake in maintenance resulting in a costly repair is 
costlv experience but is not at all uncommon. The desire to prac- 
tice preventive maintenance usually comes as a result of knowl- 
edge and experience. 


The Operator s Responsibility 


The operator has a lot to do with the way the engine perfonns. 
An operator should be able to: 


Choose and use the proper fuel for the engine. 

Adjust the carburetor to get the correct mixture. 

Determine when repair work is necessary to restore correct 
compression, such as grinding valves; replacing the head 
gasket; installing new pistons, or rings or both, or re- 
placing the cylinder assembly. 

Adjust valves. 

Time ignition. 

Detect and correct ignition troubles or direct the work to be 
done. 


Fig. 4-12. Do not overload the tractor. (Courtesy John Deere, Moline, Ill.) 
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Choose the correct lubricant, change it when necessary, and 

add to it as needed. 

Prevent or correct cooling troubles. 

Keep engine serviced properly at all times. 

Refrain from overloading. 

If the operator will but do his or her part, the tractor, with the 
excellent design, fine materials and high quality work that the 
manufacturer has put into it, will have a chance to work for many 
years as it was intended to do, and without major troubles. 

Some operators will do major overhaul work on their trac- 
tors such as replacing sleeves and pistons, grinding valves and 


Fig. 4-13. Detonation has caused this piston to burn at the edge. (Courtesy 
American Oil Co.) 


Fig. 4-14. A large four-wheel drive tractor opened up to allow for easy servic- 
ing. (Courtesy Big Bud Tractors, Inc.) 


wee 


Fig. 
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4-15. An unconventional row-crop tractor producing 150 PTO horse- 
power, with articulated steering and an oscillating front axle, that com- 
bines the versatility and mobility of a two-wheel drive tractor with the 
traction, flotation and stability of a four-wheel drive tractor. (Courtesy 
Intemational Harvester Co.) 
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Fig. 4-16. A medium sized tractor producing 90 PTO horsepower with a 
front-wheel drive system to aid traction in wet or hard pulling field con- 
ditions. (Courtesy J. I. Case Co.) 


replacing piston rings. It is usually best, however, for the op- 
erator to concentrate on preventive maintenance for the purpose 
of preventing unnecessary overhaul due to neglect and lack of 
servicing. 

When an overhaul becomes necessary, the work should be 
done by a qualified mechanic with lots of experience and the 
necessary tools and equipment. 


QUESTIONS 
1, What is the meaning of preventive maintenance? 
2. What does preventive maintenance prevent? 
3. Who is the key person in practicing preventive mainte- 


nance—the manufacturer, the dealer or the operator? 

4. Where can the operator secure information on preventive 
maintenance? 

5. Who usually does major overhaul on a tractor—the operator 
or a mechanic? 
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6. Why does idling a tractor too slowly result in damage to 
cylinders and rings? 

7. Why is an air-tight connection between the air cleaner and 
carburetor so important? 


CHAPTER 5 


THE STEPS IN GENERAL MAINTENANCE 


^ 


Successful preventive maintenance starts with the run-in of a 
new tractor. Each daily and periodic lubrication, service and ad- 
justment job is then a step in the maintenance of that tractor. 


STEPS 


Step 1. Run-in of the new tractor. 

Step 2. Daily warm up of the tractor. 

Step 3. Daily or 10 hour service jobs. 

Step 4. Weekly or 50 hour service jobs. 

Step 5. 100 hour service jobs. 

Step 6. 200 to 300 hour service jobs. 

Step 7. 500 hour or every six month service jobs. 
Step 8. 1000 hour or yearly service jobs. 


Fig. 5-1. Nothing like a yearly check-up. (Courtesy John Deere, Moline, Ill.) 
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SERVICE POINTS 


[1 | EngneOntevt — —  —  — [1| j| [ | 

|2 | Fuei Tank tev o DSTT EA L| O 

[3 | Transmission on teve [3] | | BEJ] 

[4 | Fuel Tank Water rap — — — — [|3[ Te [j| 

[s [From Axe Pot ee 1 [-[ 1] 

[s[Kmapns — — — — — —1]|2?Ed | |-] |] 

[7 |Bateywatrteer e| [ | E [| | 

[8 | Battery BreatherTube —  — — [1|] [| | | [M | 

[9 | Tire Pressure 8 — 5 4| [TI E | 

| 10| DrawbarRoller — — — — — — |1Ed ] | | | too Hours 
[41] Engine Crankcaseou — hf | [ | EA 

[12] Cab Air Fitter — 65 [3| [ | Ed [| 

[is|Engme OllFilters — 7 7 ^ [2[ | | | | -EXjZ V 200 HOURS 
|14| Fan and Compressor Belts  — [2| | | Ea | | 

| 15| Transmission Hydraulic Breather [1| | | | E | 

[46] Cooling System Treatment  — ^ |3| | | | | E 

[iv] WaterFiter dt] | | LE LE a 300 HOURS 
[18| Fuel Fitters eS 

[19| Door and Window Hinges —  — — Je| E | | | | 

| 20| PTO and Other Contro! Console Cables [20] | T | | | 

| 231| Front Wheet Bearings — ^ — ped | | EE 

[22| Transmssion ot — — — à— [2] | Ed |] E 

| 23| Air Conditioner Refrigeranttevel [3] | | Fey [| | 

| 24! Cooling System - Without Water riter. |3| | Eg | F7 

| 25| Cooling System - With Water Filter al | Ea [ E BB 2000 HOURS 
[26 | Air induction System Strata Tube [1| | | [sist |] 

[ 27| Air Induction System Fiters — — 12] | | E t3 

[28] Hydraulic Oi Filters ^ [2| | xi [i3 


Fig. 5-2. A periodical maintenance service chart with references to a tractor 
diagram (Fig. 5-3) for ease in locating service points. (Courtesy J. I. Case 
Co.) 


1. Run-in Period. 


The most critical period in the service life of a new or over- 
hauled tractor engine is the first 20 to 100 hours of operation. This 
period is known as the run-in or “break-in” period, and following 
the recommendations in the Operator’s Manual is essential during 
this period. 

The way the tractor is operated during the first 100 hours will 
influence the power the engine develops and can prolong the serv- 
ice life of the engine. The engine must not idle (generally at any 
speed below 1500 rpm) for long periods of time and must not be 
put under a full-rated load. The tractor should be operated at re- 
duced loads but at the normal throttle setting. The operator can 


reduce the load on the tractor by shifting down one or two gears 
from that normally used. 
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LUBRICATION POINTS APPROXIMATE CAPACITIES AMBIENT AIR TEMPERATURE RANGES 
| Engine Crankcese No Finer | — Seeimsera [ SeeimetA | Seeinseta | sao | — saczw | sew |] 
Transmission Hydraulic System | 128 Ots. With Hitch [ 121-1 titres | 10660. | USE CASE TFD-II FLUID - CASE SPECIFICATION MS1205. 
2 (Power Shitt) U.S. AND CANADA 817497 (10 Qls.) OR B17499 (55 Gal.) 
A p ssauee | 


| oem | e em Use a Good "High Bolling Point" Type Ethylene Glycol Coolant At All Times. 


AMBIENT AIR TEMPERATURE RANGES 
As Many Strokes As Needed 32°F (0°C) and Above Below 32° P (0*C) 


Fig. 5-3. A lubrication chart and tractor diagram. (Courtesy J. I. Case Co.) 


If the tractor is lugged down below its rated engine rpm dur- 
ing the run-in period, damage to the piston rings and cylinder 
walls is almost sure to occur. The piston rings have to seat in with 
the cylinder walls to make a good seal. A heavy load on the tractor 
before the rings are seated will permit blow-by of high-tempera- 
ture gases from the combustion chamber. These hot gases tend to 
collapse the upper piston rings and cause them to carbon up and 
stick to such an extent that they will never seat to the cylinder 
walls. The result will be loss of power, excessive oil consumption 
and extremely short engine life. 

The authors know of one instance in which a new tractor was 
purchased on Thursday and pulled in a tractor pulling contest on 
Saturday. The tractor was in the shop the following week for a ring 
and valve job. 

The brakes, bearings and gears will also benefit from a care- 
ful run-in period. 
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Fig. 5-4. This aluminum piston, taken from a new tractor broken in by doing 
light work in cold weather, shows how moisture has caused pitting of 
the piston. The cross head fin bushing was also corroded and stuck. This 
could have been prevented if the tractor had been thoroughly warmed 
up each time it was started. (Courtesy American Oil Co.) 


During the run-in period the head bolts should be torqued 
and the valve clearance should be checked and adjusted as 
recommended in the Operators Manual. Hub clamp bolts, mani- 
fold bolts and all external bolts and cap screws should be tight- 
ened. Fan belts will stretch and probably will need to be tight- 
ened. Check the hose connections between the air cleaner and 
carburetor or manifold to make sure no dirty air can be drawn 
into the system and bypass the air cleaner. 

Change the engine oil, engine oil filter and transmission- 
hydraulic system filter at some time during the first 100 hours as 
specified by the manufacturer. 

Foreign material and some metal from the wearing-in of the 
engine accumulate in the engine oil and transmission-hydraulic 
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Fig. 5-5. The tightening sequence for cylinder head bolts on a gasoline or LP 
Gas engine. (Courtesy International Harvester Co.) 


system during the run-in period. It is imperative that the initial 
engine oil and engine oil filter change be made at the end of the 
period specified in the Operator's Manual to remove this accumu- 
lation. The hydraulic system filter must be changed at the speci- 
fied time because the filter will have trapped any foreign material 
being circulated in the transmission-hydraulic system. 

The recommendations for the initial oil and filter change vary 
with manufacturers. Some recommend the change at the end of 20 
hours, some at 50 hours and others at the end of 100 hours. These 
recommendations are based on the design of the engine and the 
manufacturers! experience with each tractor. Some tractors are de- 
livered with SAE-20W break-in oil in the crankcase. It is ex- 
tremely important that the break-in oil be used for the specified 
number of hours and then be replaced with the correct weight and 
quality of oil for the anticipated air temperature during the next oil 
change period. Obviously, the engine should not be placed under 
the full-rated load with a lightweight oil in the crankcase. 

Making the initial oil and filter change as recommended helps 
insure a long service life for the tractor and keeps the engine 
warranty in effect. 


2. Warm-up Period. 

The useful service life of any tractor will be lengthened, if 
the operator will make a practice of always permitting the engine 
to warm-up before putting the tractor under full load. This is 
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Fig. 5-6. Don't place the tractor under a heavy load until the temperature 
gauge shows that it is up to normal operating temperature. (Courtesy 
Massey-Ferguson, Inc.) 


particularly important if the tractor is going to be operated where 
there is a lot of moisture in the air such as in and out of a dairy 
barn in cold weather. 


For field work, even in the summer, it is a good practice to 
idle the engine at about half speed for 5 minutes and at full 
throttle for the same length of time before putting it under full 
load. Operating in a lower gear for the first 30 minutes after 
getting into the field is another good practice. Warming the tractor 
thoroughly guarantees good lubrication of all engine parts and 
cuts down on the moisture that will condense in the crankcase 
when the engine is cold. This moisture tends to form sludge and 
other engine deposits. 


NOTE: Prolonged idling tends to cool the engine rather than 
warm it. 


Hitching to an implement and driving to the field auto- 
matically takes care of the warm-up in most instances. That is 
the reason we usually get good service life from the tractor. 


Excessive wear will occur when the tractor is parked in the 
field, is started and placed under a full load immediately. In a 
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situation of this kind a lower gear than normal should be used 
for the first half hour. 

Practically all engine wear occurs in the interval after starting 
the engine and before the engine reaches operating temperature. 
The operating temperature of most tractor engines is between 180 
and 190 degrees. It takes at least 30 minutes of operation for the 
engine to reach this temperature. 


, 


Stopping the Engine 


ALWAYS allow the engine to cool slowly after full-load opera- 
tion by idling the engine for a short time. The cooling-off period is 
as important as the warm-up period but for different reasons. 
When the engine is stopped while hot, the valves that are closed 
cool so rapidly they may check or crack. This damage shortens 
valve life radically. Keeping oil to the turbocharger prevents it 
from seizing until it has time to cool down. 

When an automobile is driven up to the gasoline pumps at a 
full-service gas station, the attendant usually asks to check the 
water and oil and while doing this usually checks the level of the 


Fig. 5-7. Lubricate the tractor according to the Operator’s Manual to keep it 
operating properly. (Courtesy John Deere, Moline, Ill.) 
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battery “water.” These service jobs or maintenance checks are es- 
sentially what should be done as daily or 10 hour service jobs on a 
tractor. 


60 HOUR GASOLINE ENGINE TEST 
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Fig. 5-8. This illustration shows the importance of maintaining high engine 
temperature. Note that as operating temperature increases up to 180?F., 
cylinder wear decreases, fuel consumption decreases and power in- 
creases. (Courtesy American Oil Co.) 
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3. Daily or 10 Hour Service Jobs. 


There are many preventive maintenance jobs that are routine 
and performed daily. Examples are: checking the crankcase oil 
level, checking the water or antifreeze level in the radiator, check- 
ing the air cleaner and lubricating with a pressure gun the fittings 
requiring daily lubrication. These fittings are usually on parts 
exposed to dust and dirt and are lubricated daily to force out old 
grease and dirt. 

These daily jobs are critical, because failure to perform them 
can lead to serious damage to the tractor. A neglected air cleaner 
can cause the engine to be ruined in less than a day as can low 
crankcase oil level or low coolant level in the radiator. 

Making sure that these items are taken care of is one of the 
| most important steps in preventive maintenance. 


4. Weekly or 50 Hour Service Jobs. 


On some tractors there are lubrication points that need 
attention once a week or after 50 hours of operation. Examples 
are water pump bearings, fan shaft bearings, power take-off 
clutch bearings and drawbar rollers. It is wise to check battery 
fluid level and tire pressure once a week. 


5. 100 Hour Service Jobs. 


The recommended engine oil change period has been re- 
duced to 100 hours on practically all tractor engines. One manu- 
facturer recommends the oil change at 75 hours. The usual rec- 
ommendation for the engine oil filter change is at every other 
oil change. 


6. 200 to 300 Hour Service Jobs. 


On some tractors there are lubrication points that should be 
serviced approximately every month or at the end of 200 hours. 
There will usually be only a few points to lubricate but there 
are other checks and adjustments to be made at this time. On 
some tractors the hydraulic oil filter in the steering and power 
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brake system and power shift system should be changed at 250 
hours. It is wise to check the tightness of front and rear wheel 
bolts about every 200 hours. 

The transmission clutch pedal free travel should be checked. 
There should usually be !4 inch to 134 inches of free pedal travel. 
Lack of clearance will cause overheating of the clutch due to slip- 
page, will cause loss of power and will make early replacement of 
the clutch facing necessary. 

The brakes should be checked for free movement and equal 
pressure, and adjusted if necessary. You can adjust the power 
brakes on some makes of tractors bv bleeding air from the power 
brake system according to the instructions in the Operator's Man- 
ual. 

There is a tendency to overlook the lubrication points that are 
lubricated only at long intervals. It is a good idea to check the 
Operators Manual occasionally to make sure no parts are being 
missed in the regular lubrication of the tractor. 


i E 


Fig. 9-9. The clutch should be adjusted after 5-10 hours of operation and 
periodically after that. The nut, 1, should be adjusted to allow from 1⁄4 
inch to 1% inches of free play, depending on the manufacturer's recom- 


mendations. (Courtesy Massey-Ferguson, Inc.) 
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Fig. 5-10. Proper clutch and brake adjustment is very important when the 
operator is doing a lot of starting and stopping, to prevent excessive wear 
and overheating. (Courtesy Ford Tractor Operations) 


7. 500 Hour or Every Six Month Service Jobs. 


About every six months or after 500 hours of operation, there 
are several important service jobs that need to be done. Examples 
are: clean and repack the front wheel bearings, change the 
hydraulic system oil, check the oil level in the steering gear 
housing and perform the other service jobs and adjustments 
recommended in the Operator’s Manual for the tractor being serv- 
iced. These jobs logically should be done in the spring and in the 
fall. 


8. 1000 Hour or Yearly Service Jobs. 

Once a year or after 1000 hours of operation, there are more 
service jobs that need to be done. Examples are: drain and refill 
transmission, differential and final drives, lubricate the rear axle 
on some makes of tractors, lubricate the fan bearing. The Opera- 
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Fig. 5-11. It is important for the tractor instrumentation to show the engine 
hours of operation to assist the operator in determining the correct serv- 
ice intervals. (Courtesy John Deere, Moline, Ill.) 


tors Manual will designate the service jobs that should be done 
once a year and this will vary with makes. 


Once a year the tractor should be gone over thoroughly and 
tuned-up. This should be done during the winter in preparation 
for the busy season. It can be done by the dealer service depart- 
ment or by an experienced operator. In the tune-up of the tractor, 
the following jobs should be done: 
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Drain, flush and check radiator and cooling system. 

Check ignition system — points, plugs and timing. 

Check electrical system — generator, starter, wiring and 
switches. 

Check the fuel system— carburetor, sediment bowl and tank. 
A diesel engine will have several important jobs to be done 
on the fuel filters and injection system. , 

Check the air cleaner—bowl, pipes and hose connections. 
Check the crankcase breather. 

Check the engine compression. 

Check and adjust the valves. 

Check the hydraulic system—drain, flush and refill if neces- 
sary. 

-10. Drain, flush and refill the transmission, differential and final 
drives. 
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Fig. 5-12. A modern farm tractor which uses forward air flow to cool the 
radiator and to blow dirt and dust away from the engine and the 
operator. If the engine does need to be cleaned, use a commercial sol- 
vent; NEVER use gasoline. (Courtesy International Harvester Co.) 
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11. Clean and repack front wheel bearings. 

12. Inspect and adjust the brakes. 

13. Inspect and adjust the steering mechanism. 
14. Check and tighten all nuts and cap screws. 


Systematically following a maintenance procedure similar to 
this will add years to the life of the tractor and prevent unnecessary 
break downs. 


QUESTIONS 


Why is the run-in period critical in the life of the tractor? 

2. What damage may occur if the tractor is not run-in cor- 
rectly? 

3. How can a new tractor be operated at less than full load 
during the first week of operation? 

4, What damage may occur when a tractor is idled excessively? 

5. Which is more likely to cause damage, running a new trac- 
tor at full throttle or allowing it to idle excessively? 

6. Most of the wear occurs during what period in the opera- 

tion of the tractor? 


t 


CHAPTER 6 


MAINTAINING THE LUBRICATION SYSTEM 


Lubrication probably is the greatest single factor contributing 
to the life of the tractor and to its satisfactory operation.’Iwo dif- 
ferent types of lubricants are used in the tractor—oils and greases. 
In general, oil is used in the crankcase of the engine and in the 
gear cases, while greases are used to lubricate all other moving 
parts. 

The lubricating oil is circulated constantly throughout the 
engine. It is exposed to temperatures ranging from 140? to 250? 
and must not break down under these changes in temperature. It 
is expected to reduce friction, prevent wear, transfer heat, seal 
compression, and keep the inside of the engine clean. In order 
for the lubricating oil to perform these duties, the system must be 


Fig. 6-1. Stop the engine if the oil pressure gauge does not show oil pres- 
sure. Pressure does not guarantee, however, that oil is circulating if the 
engine is idling too slowly. (Courtesy International Harvester Co.) 
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kept free from sludge, the oil passageways must not become 
plugged, the filter must clean the oil and the oil pump must circu- 
late the oil. 

Engines are ordinarily lubricated by one of three systems. 


1. Splash 


The splash system is common on single-cylinder engines. Oil 
is contained in the crankcase and is splashed throughout the en- 
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Fig. 6-2. The side view of an engine with a force-feed lubrication system. 
Follow the path of the oil to all parts of the engine. (Courtesy Massey- 
Ferguson, Inc.) 
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gine by the connecting rod, governor weights or other moving 
parts. 
2. Circulating Splash 

There is an oil pump in this system. It may be found on some 
of the smaller tractor engines. The oil is pumped to dip troughs 
where projections on the connecting rods pick it up and throw 
it to other moving parts. This is satisfactory for light duty engines, 
if the proper oil level is maintained. 


3. Force-Feed / 


This is the most common system in use today. The oil is picked 
up by the oil pump through a screened inlet tube and pumped to 
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Fig. 6-3. A diagram of a full flow oil filtering system. (Courtesy International 
Harvester Co.) 
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the main bearings. The crankshaft is drilled to the crank throws 
so that oil is forced to the connecting rod bearings. The rods 
on some engines are drilled so that oil is carried under pressure 
directly to the wrist pins. Passages carry oil under pressure to the 
timing gears, camshaft bearings, rocker arms and tappets. The 
cylinders and pistons are lubricated bv a spray from the ends 
of the connecting rod bearings. 

The force-feed system with a full-flow filter is becoming 
common in modern tractor engines. 
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Fig. e A cutaway view of the oil filter. (Courtesy International Harvester 
0. 


The maintenance of the lubrication system consists of: 


Using good quality oil of the right viscosity, 
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Fig. 6-5. The end view of an engine with a force-feed lubrication system. 
Note the path the oil takes to the oil filter and to the rocker arms. What 
happens if the oil filter becomes plugged? (Courtesy Massey-Ferguson, 
Inc.) 
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Draining the oil regularly, 
Changing the oil filter regularly, 
Checking for and repairing leaks, 
Keeping dust and dirt out of the system. 


The use of a top quality engine oil of the correct viscosity 
cannot be overemphasized. The Operators Manual will specify 
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Fig. 6-6. Oil filter elements. Be sure the gasket is in good condition and in 


place. Draw the filter cap up firml -ti 
Jen asi. ees i p firmly, but do not over-tighten. (Courtesy 
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the viscosity to use for the anticipated average temperature under 
which the tractor will be operating. 

The quality of oil to use in the engine will be specified ac- 
cording to the API Engine Service Classifications. For gasoline 
engines this will usually be SE, CC or possibly CD, and for diesel 
engines it will be CD. Most manufacturers want the CD oil used to 
also meet the qualifications for a Series 3 oil. 

A "Low Ash" engine oil should be used in an LP gas engine 
operated under heavy loads. The oil does not contain barium or 
calcium additive compounds blended into other oils to add rust 
preventive properties. An LP gas engine should not sit idle or 
be stored any great length of time with "Low Ash" oil in the 
crankcase. For storage, the crankcase should be filled with SD 
or CC oil to prevent rusting. 

. The next important step in maintaining the lubrication system 

is to drain the oil regularly. A good quality modern oil will nor- 
mally darken with use. This does not indicate that the oil is 
getting dirty, it simply means that it is doing what it was designed 
to do— hold in suspension soot and carbon until it can be drained 
out of the engine. With this type of oil it is very important that 
the oil be drained while these by products of combustion are still 
being carried in the oil so that they can be removed from the 
engine rather than be deposited in the engine. 


Procedure 
1. Drain the crankcase oil. 
a. Drain when the engine is hot. (It does very little good to 
drain the oil from a cold engine.) 
b. Let the oil drain long enough to get it all out. 
c. Replace the oil drain plug. 
2. Change the oil filter element. 
a. Remove the old filter element. (Be sure to remove the old 
gasket from the filter base.) 
b. Wipe out the filter case. 
c. Apply a thin coat of clean oil to the new filter gasket. 
d. Install the new filter. (Use the type recommended by the 
manufacturer.) 
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e. Install new gaskets and seal rings if the filter case is so 
equipped. 
f. Replace the filter cap and tighten firmly, but not too tightly. 
3. If crankcase is equipped with a breather, remove and clean. 
a. Remove the crankcase breather. 
b. Remove the screen and wash thoroughly in solvent. (Never 
use gasoline.) 
c. Clean the housing. 
d. Reinstall the screen and breather. 
4. Fill the crankcase with new oil. 
a. Clean all dust and dirt from around the fill pipe. 
b. Use clean containers for the oil. 
c. Add enough oil to fill the filter—usually one quart. 
d. Replace the filler cap; in many cases this is the breather cap. 
5. Start the engine and let it run for several minutes, until it is 


warm. 
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Fig. 6-7. When cleaning the crankcase breather, lift off the cover, 3, and lift 
out the breather element, 4, vapor element, 2, and gasket, 1. Clean all 


metal and rubber parts, dry thoroughly, inspect and replace if necessary, 
(Courtesy Massey-Ferguson, Inc.) 
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Fig. 6-8. Replacing the hydraulic oil filter elements. (Courtesy J. I. Case Co.) 


6. Check for oil leaks. 

= a. If there are leaks around the filter, tighten the cap slightly. If 
this doesn’t stop the leak, the gasket may not be in place 
correctly. 

7. Stop the engine and check the oil level. 


It is a good practice to drop the oil pan about once a year to 
clean out accumulated sludge and to clean the oil pump inlet 
screen. This may be done when the regular tune-up is done. 


Procedure 


1. Remove the oil pan. 
a. Secure a new pan gasket. 
b. Remove the cap screws that hold the pan in place. 
c. Remove the pan and empty the oil. 
d. Scrape the old gasket from the pan or crankcase. 
e. Wash the pan inside and out with diesel fuel or solvent. 


JL TRACTOR AND SMALL ENGINE MAINTENANCE 


2. Remove the oil pump inlet screen and wash thoroughly. 

3. Wash the inside of the engine with clean solvent and a clean 
brush, if desired. 

4. Examine the bearings for wear and check for any condition that 
needs attention. 

5. Replace the oil pump screen. 

6. Replace the oil pan. 
a. Install a new gasket. 
b. Replace the pan and tighten the cap screws. 

7. Put fresh oil in the crankcase. 

8. Run the engine and check for oil leaks. 


Once a year or after 1000 hours of operation, the transmission, 
differential and final drives should be drained, flushed and re- 
filled. If this is carefully done, it should prevent any breakdown in 
these parts during the life of the tractor. Any repair involving the 
transmission or differential is usually very costly and should be 
prevented, if at all possible. 


Procedure 


1. Drain the transmission, differential and final drive cases. 

a. Thoroughly warm-up the tractor. 

b. Remove all drain plugs and drain the cases while the tractor 
is warm. 

2. Flush the transmission, differential and final drive cases. 

a. Replace drain plugs. 

b. Thoroughly clean around the filler openings. 

c. Place the flushing oil in the cases. (Use the oil recommended 
by the tractor manufacturer. Kerosene is recommended by 
some.) 

d. Jack up one rear wheel. 

e. Place the tractor in low gear and let it run for a few minutes. 

f. Completely drain all cases. 

g. Replace the drain plugs. 


3. Refill all cases with the right amount of the correct weight oil. 
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a. Drive the tractor around for a while and check for leaks 
at the drain plugs. 


In late model tractors the transmission-hydraulic system is 
lubricated by the hydraulic fluid. Make sure the hydraulic filter 
is changed as recommended and the system is drained and re- 
filled regularly. Flushing is recommended only when the hy- 
draulic fluid is found to be badly contaminated. To flush the 
system, refill with the recommended hydraulic fluid and operate 
the equipment to cycle the flushing oil through the System. 
Operate all valves so that the new oil goes through all the lines. 
It will probably take several hours of operation to clean a badly 
contaminated system. When the system operates satisfactorily, 


Fig. 6-9. Proper maintenance and service can greatly extend the useful life of 
large, expensive farm tractors. (Courtesy Steiger Tractor, Inc.) 
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drain out the flushing oil, clean or replace the filter and refill 
the system with hydraulic fluid of the recommended type. 


In maintaining those parts of the tractor requiring pressure 
gun grease, it is a good practice to watch carefully as the periodic 
greasing is done to see that the fittings are in place and taking 
grease. 


Procedure 
l. Lubricate the tractor. 
a. Use the type and grade of grease recommended by the tractor 
and/or grease manufacturer. 
b. Wipe all fittings clean before attaching the pressure gun. 
c. Grease the required amount. If the Manual calls for two 
shots with the grease gun, stop at two shots. 
d. Wipe excess grease from the fittings after removing the gun. 
e. Replace any fittings that are missing or damaged. 


Oil Filters 
The oil filters used on most tractors are of the replaceable- 


Fig. 6-10. One type of oil filter element. Notice the large area of filtering 
surface. (Courtesy International Harvester Co.) 
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cartridge type. The element may be paper, folded so that there 
are hundreds of square inches of filtering surface exposed or it 
may be of some kind of cloth or waste with a porous case around 
it. The paper type is probably most common. It is very important 
to use the filter recommended by the engine manufacturer. The 
filter element must fit the filter case to function properly. 


Oil filters are installed in one of two ways, by-pass or full- 
flow. The by-pass is least common. The filter is installed in a 
by-pass line so that only a portion of the oil is forced through 
the filter at any one time, probably 5 to 10%. When the filter be- 
comes clogged, none of the oil passes through and the filtering 
stops. In the full-flow type, the filter is installed in the main oil 
line and all the circulating oil passes through the filter. This system 
has a by-pass valve to permit the circulation of oil, if the filter is 
neglected and becomes clogged. The full-flow type filters more 
oil and thus protects engine parts more completely. The element 
must be changed regularly so that dirty oil does not by-pass the 
element and reach engine parts where serious damage could result. 
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Fig. 6-11. A lifetime centrifugal disc type oil filter that can be cleaned and 
reused. (Courtesy Belarus Machinery, Inc.) 
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Fig. 6-12. The path of the lubricating oil through a diesel engine. Note the 


full-flow filter just after the oil pump and the circulation of the oil 
through the oil cooler. (Courtesy John Deere, Moline, Ill.) . 


QUESTIONS 


. Why is lubrication probably the most important factor in- 


fluencing the life of the engine? 


. What duties are performed by the lubricating oil? 
. What is the difference between circulating splash and force- 


feed oil systems? 


- What should be done to maintain the lubrication system? 
. Why should crankcase oil be drained when the engine is 


hot? 


- What can be done to help keep dust and dirt out of the 


lubrication system? 


æ N 
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Why should the oil filter be changed regularly? 

Why is it important to use the oil filter recommended by 
the engine manufacturer? 

Why should the transmission be drained and refilled at 
least once a year? À 

Why should grease fittings be wiped clean before attaching 
the pressure gun? 

What is the difference between a by-pass and a full-flow 
oil filter? , 


CHAPTER 7 


MAINTAINING THE AIR CLEANER 
AND CRANKCASE BREATHER 


The modern tractor engine must breathe a lot of air; in fact, it 
requires 9000 gallons of air to burn 1 gallon of gasoline. This air is 
dirty and must be cleaned before it enters the engine. That is the 
job for the air cleaner. The air cleaner will remove practically all 
the dust from the air, if it is serviced and maintained regularly. It 
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Fig. 7-1. The intake-exhaust system on a turbocharged, intercooled engine. 
Note the swirl-type pre-cleaner and the small safety air filter inside the 
large air filter. Follow the path of the air from the turbocharger through 
the intercooler. (Courtesy Deere & Company Service Publications) 
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is well to keep in mind that a half day of operation can ruin a 
tractor engine, if the air cleaner is not doing its job. 

The maintenance of the air cleaner consists mainly of remov- 
ing the cup, cleaning it and refilling with new oil, but there is 
more to the air cleaner than the oil cup. The intake stack, cap, 
pipes and hose connections also need attention. A leak in the 
pipe or hose connections can permit dust to be drawn into the 
system and by-pass the air cleaner. All these connections must 
be absolutely air tight. 
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Fig. 7-2. The parts of an older oil bath-type air cleaner. (Courtesy Allis- 
Chalmers Corp.) 
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Fig. 7-3. The volume of fuel and air needed for a gasoline engine. It takes 
about 90,000 gallons of air to burn 10 gallons of gasoline in a tractor 
engine. (Courtesy John Deere, Moline, Ill.) 


Procedure 

1. Remove the air cleaner oil cup. 

Empty and clean the cup. 

. While the cup is off, check the intake stack. 


a. Remove the cap and clean the stack. 
b. If the stack is bent, straighten it. 


4. Clean the cap. 


Q2 to 


5. Check the pipe between cleaner and carburetor. 
a. Check the pipe for holes. 
b. Check the hose connections for holes. Replace, if cracked 
or soft. 
c. Check the hose clamps. 
6. Check the wire mesh in the cleaner for trash. Clean it, if dirty. 
7. Refill the oil cup with new oil of the recommended viscosity. 
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Fig. 7-4. The top part of the air cleaner stack and the pre-cleaner cap were 
badly plugged. (Courtesy American Oil Co.) 


Refill only to the oil line. Never fill too full, especially on 
diesel tractors. Too high an oil level could result in a run- 
away engine, if the oil is drawn into the engine. 
While checking the air cleaner, check the rest of the system— 
the intake manifold, the carburetor, and any place where dust 
could be drawn into the intake system. 


Procedure 

1. Check the intake manifold gasket for leaks. 

a. If a leak is suspected, run the engine and place a few drops 
of oil on the gasket to see if it is sucked into the engine. If 
the gasket is bad, replace it with a new gasket. 

2. Check the openings in the carburetor where throttle valve and 
choke valve turn in the bearing. If these are loose, have them 
repaired by the dealer. 

3. Check the carburetor fuel drain. 

a. Inspect the hole in the bottom of the carburetor to see that 
the small felt or porous bronze filter is in place. 
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Fig. 7-5. This air cleaner was almost plugged with hay and straw. Note the 
straw on the screen. Was this air cleaner serviced daily? (Courtesy 
American Oil Co.) 
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Fig. 7-6. A diesel engine air cleaner. Note the screen to keep oil from being 
drawn into the engine. (Courtesy John Deere, Moline, Ill.) 
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Fig. 7-7. A diesel engine air cleaner. Never fill above the oil level mark. 
(Courtesy John Deere, Moline, Ill.) 
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Fig. 7-8. One method of cleaning the intake stack. (Courtesy J. I. Case Co.) 
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Fig. 7-9. Clean the separating cleaner by partially filling the air cleaner with 
a safe solvent and shaking it. Hold hands over the openings and leave 
the cup on. (Courtesy American Oil Co.) 
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An attachment that is valuable for dusty conditions is the 
pre-cleaner. This attaches to the top of the intake stack for the 
purpose of separating some of the dust and dirt before it reaches 
the oil bath cleaner and relieves the load on the regular cleaner. 
Various styles of pre-cleaners are available from the manufac- 
turer of the tractor and from other manufacturers. It is well to 
check with the dealer before installing a pre-cleaner to make sure 
the tractor will operate satisfactorily with one installed. 

The pre-cleaner will need to be emptied regularly so that it 
does not become clogged and restrict the air flow to the engine. 


1 THE PRE-CLEANE 
PASS OF DIR) 
IRF LEANER 


Fig. 7-10. A pre-cleaner that attaches to the air cleaner intake stack for extra 
protection when working under excessively dusty conditions. Use only 
the type recommended by the engine manufacturer, and service regu- 
larly. (Courtesy International Harvester Co.) 


The dry-type air filter is more common on late model trac- 
tors than is the oil bath. It is casier and less messv to service and 
requires less frequent servicing. It is more efficient at both low 
and high engine speeds. Servicing consists primarily of emptying 
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the dust cup on models mounted vertically and checking the 
automatic dust unloader on some models mounted horizontally. 


Eventually the filter element will need to be removed and 
cleaned. 


= 


Fig. 7-11. A dry-type air cleaner mounted vertically. Note the dust cup in the 
operator's left hand. (Courtesy John Deere, Moline, Ill.) 


On most modern farm tractors, DO NOT remove the outer air 
cleaner element unless the air filter light stays on with the engine 
running. DO NOT remove the inner element unless the light stays 
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on with the engine running, after the outer element has been 
cleaned. The inner elements cannot generally be cleaned. 


Procedure 


1. Wipe off the outside of the cleaner with a dry cloth. 
2. Carefully remove the element. 
3. Clean the dust cup and baffle. 
4. Clean the element. 
a. Tap the element gently on the palm of your hand to loosen 
dirt. 


Large filter 3 
element => 


E 8 PT Safety 
i H — filter element 
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Fig. 7-19. A dry-type air cleaner mounted horizontally. Note the safety filter 
element, which is not removed for servicing of the larger filter element. 
(Courtesy International Harvester Co.) 
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b. If the element is still dirty, blow clean, dry compressed air at 
low pressure, less than 30 Ibs. per square inch, from the in- 
side toward the outside until it is clean. The air nozzle must 
be held at least 1 inch from the element. 

c. If the element is still dirty or oily, it will need to be washed. 
Flush the element from the inside with clean water from a 
hose. Wash the element in lukewarm water in the recom- 
mended nonsudsing detergent, for 15 minutes or,more at 
150*F. or less. Flush from the inside with clean water with a 
maximum pressure of 40 psi. Allow the element to dry com- 
pletely before reuse (24 hours at room temperature). Having 
a second element that can be used while the other is drying 
is generally recommended. 


SUCCESS AE ONE [ONES 


Fig. 7-13. A dry-type air cleaner mounted horizontally. Note the air restric- 
tion indicator. The indicator will show red when enough dirt has ac- 
cumulated on the filter to restrict the flow of air. (Courtesy John Deere, 


Moline, Ill.) 
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Fig. 7-14. A cutaway of a dry-type air cleaner. The inlet is at the top; the dust 
cup is at the right; clean air comes out at the left. Note the swirling, 
separating action caused by the fins. The dust cup must be installed 
with the slot at the top. (Courtesy John Deere, Moline, Ill.) 


5. Inspect for leaks. 
a. Insert a light bulb on the inside and look from the outside 


for holes or cracks. If any light can be seen, throw the 
element away. 


Fig. 7-15. Vertical scratches on piston ring faces indicate that airborne abra- 
sives are entering the engine. (Courtesy Dana Corp., Toledo, Ohio) 
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Fig. 7-16. A cross section of one type of crankcase ventilation system. Late 
model engines have a similar system with a gear-driven air pump that 
constantly circulates clean air through the crankcase and valve covers. 
(Courtesy John Deere, Moline, Ill.) 


6. Install the element. 
a. Check the rubber gasket. If it is damaged or missing, 
install a new element. 
b. Try to rotate the element; if it rotates, it is in incorrectly. 
7. Replace the outer element after six washings or yearly; the 
inner element should be replaced yearly. 


The crankcase breather is often neglected because it does 
not require attention as often as the air cleaner. The breather is 
very important because it ventilates the crankcase and prevents 
dust from being drawn into the engine. Failure to keep the 
breather clean will result in excessive pressure in the crankcase 
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that will force the lubricating oil past seals and promote excessive 
oil consumption. Lack of ventilation will promote the formation 
of acids and sludge in the crankcase. 

There are many kinds of crankcase breathers. Some are 
located in the plate covering the push rod chamber. A common 
type is located in the cap on the valve cover or oil filler tube. 
Consult your Operator's Manual for the type, location and service 
recommended. Most breathers contain an element of crimped 
copper which is oil soaked. Dirt in the air passing this element is 


Ax Tape 


Fig. 7-17. One type of crankcase breather cap on the valve cover. Wash this 
type frequently. When it can no longer be cleaned, replace it. (Courtesy 
Allis-Chalmers Corp.) 


ke 


trapped in the oil and must be removed by washing the element. 
The element should be cleaned as often as necessary, twice a day 
in extremely dusty conditions. 


Procedure 


1. Remove the crankcase breather. 
2. Wash the element in kerosene or solvent. 
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Fig. 7-18. A 6-cylinder diesel tractor that develops a maximum 130 horse- 
power with a Category II hitch. (Courtesy SAME & Lamborghini Trac- 
tors of North America, Inc.) 


3. Shake the element dry or blow with compressed air. 
4. Oil the element and shake off excess oil before replacing it. 
5. Replace the element. 


QUESTIONS 
How much air is used to burn one gallon of gasoline? 
What maintenance is necessary on the air cleaner? 
Why are tight hose connections so important on the air 


cleaner? 
4. Trace the path the air travels in a gasoline engine and in 


a diesel engine. 
5. What happens if there is a leak between the air cleaner and 
the carburetor on a gasoline engine? 
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. What happens if there is a leak between the air cleaner 


and intake manifold on a diesel engine? 


. Why is it important that there be no leaks around the 


intake manifold? 


. Why are the screens or baffles so important in a diesel 


engine air cleaner? 


. What could happen if too much oil were placed in a diesel 


engine air cleaner? 


. Why should the intake stack be cleaned occasionally? 

. Why is a pre-cleaner sometimes used on the air cleaner? 

. What servicing does the pre-cleaner require? 

. Why should you check to see if the manufacturer recom- 


mends the use of a pre-cleaner? 


. What is the purpose of the crankcase breather? 
. What happens in the engine when the crankcase breather 


becomes dirty and partially clogged? 


. How should the crankcase breather be serviced? 


CHAPTER 8 


MAINTAINING THE COOLING SYSTEM 


Maintaining the cooling system of a modern tractor engine is 
very important and should start with the care of the new tractor. 
The cooling system will probably function quite well for the first 
few years, but if neglected, will eventually cease to function 
efficiently and overheating and damage to the engine will occur. 


RADIATOR FILLER CAP 


THERMOSTAT NI CLOSED 
POSITION— COOLANT BEING 
BYPASSED THROUGH THE PUMP 


SECTION THROUGH 
No, 4 CYLINDER 


SECTION THROUGH ENGINE 
BETWEEN FIRST AND 
SECOND CYLINDERS 


Fig. 8-1. A cutaway drawing of a cooling system. Note the path of the water 
through the block, head, thermostat and radiator. Note the illustration in 
the upper left corner. When the thermostat is closed, the coolant circu- 
lates through the block for a quick warm-up. You must use the correct 
thermostat when replacing this type. (Courtesy International Harvester 
Co.) 
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The cooling system does two things: (1) prevents the engine 
from overheating; (2) keeps the engine at the proper operating 
temperature for efficiency and long life. 


Fig. 8-2. A cutaway drawing of a cooling system, showing the thermostat and 
pressure cap. (Courtesy Massey-Ferguson, Inc.) 


The importance of keeping the engine at the correct operating 
temperature is probably not understood as well by the average 
tractor operator as is the importance of preventing overheating. 


Correct Operating Temperature 


An engine cannot last long or operate efficiently unless it is 
operated at the correct temperature. There seems to be a rather 
common belief that an engine that runs cool is running efficiently 
and will last a long time. This is a false belief. 

The engine should operate at a temperature high enough so 
that the water will not quite boil away in the top of the radiator. 
At this temperature, wear is reduced to a minimum, fuel con- 
sumption is reduced and power is increased. Most tractor opera- 
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tors have observed the lack of power with a cold engine when 
starting to plow or do some similar heavy work. 

The cooling system on a tractor must have enough cooling 
capacity to prevent the engine from overheating under heavy 
` loads in hot weather. When operated under light loads in cold 
weather, the cooling system tends to keep the engine too cool. 
Under this condition, the lower part.of the radiator should be 
covered enough to bring the temperature up to the proper operat- 
ing range. Radiator shutters are available as an accessory ofi some 
tractors for this purpose. ; 

A cold engine wears rapidly and operates inefficiently with 
high fuel consumption and loss of power. Sludge formation and 
corrosion of engine parts takes place, so an attempt should always 
be made to get the engine up to the correct operating temperature. 


Fig. 8-3. Ample air for cooling cannot pass through a radiator filled with 
trash, as is demonstrated on this older tractor. (Courtesy American Oil 
Co.) 
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Overheating 

Overheating is indicated by rapid boiling away of the water, 
knocking and loss of power. There are many causes of overheating 
and rapid damage to the engine can occur when it does take place. 


LÀ 


Fig. 8-4. CAUTION: Remove the radiator filler cap only when the coolant 
temperature is below the boiling point (in the *N" range on the water 
temperature gauge). Then loosen the cap slightly to the stop to relieve 
pressure before removing it completely. (Courtesy John Deere, Moline, 
Ill.) 


If an engine does overheat, it should not be shut down im- 
mediately or serious damage may result. Idle the engine a few 
minutes to permit exhaust valves and pistons to cool, so that 
expanded pistons will not seize and valves will not warp or crack. 


Causes of Overheating 


l. Low water level in the radiator. 
2. Using a fuel that knocks. 

3. A slipping fan belt. 

4. Overloading of the tractor. 

5. Clogged radiator fins. 
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Fig. 8-5. Lime deposits like this should be removed with a strong cooling 
system cleaner to help prevent piston ring scoring and short valve life. 
Use soft water in the cooling system and fix leaks promptly. (Courtesy 
American Oil Co.) 


. Collapsed radiator hoses. 

Lime accumulation in the cooling system. 

. Ignition out of time. 

. Carburetor out of adjustment (too lean a mixture). 

10. Radiator partly covered by shutters or other cover in warm 
weather. 

11. Faulty water pump. 

12. Thermostat stuck closed. 


SOMND 


COOLING SYSTEMS 
There are two general methods of cooling an engine, air 
cooling and water cooling (liquid cooling). 
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Fig. 8-6. A direct air cooling system which provides air for cooling the en- 
gine, oi] cooler and hydraulic oil cooler. (Courtesy Deutz Corp.) 


xu 


Fig. 8-7. Cooling system components. (Courtesy John Deere, Moline, Ill.) 
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Air Cooling 


Air cooling is used on one tractor manufacturer's engines, on 
some power units on balers and other field machines and on one 
and two cylinder garden tractor and lawn mower engines. In an air 
cooled engine, a strong blast of air from a fan is directed by 
shrouds to fins surrounding the cylinders, the engine oil cooler 
and the hydraulic oil cooler if the engine is so equipped. The fan 
may be incorporated in the flywheel. , 

Maintenance of an air cooling system consists of cleaning dirt, 
chaff and dust from the fins and intake screen and keeping the 
shrouds in place and repaired so the air is directed to the fins. 
This cleaning will need to be done as often as dirt accumulates, 
once a day, sometimes oftener and under clean conditions only 
occasionally. Failure to keep the fins and screen clean will permit 
hot spots to occur in the cylinder walls with damage to the rings 
and walls as a result. 


Water Cooling 

There are two general systems used in water cooling. The 
simplest type is the thermo-syphon system in which the hot water 
rises to the top of the water jacket and on up the system to the 
radiator. As air is drawn through the radiator by the fan, the 
water is cooled and moves down through the radiator and back 
into the bottom of the block. An impeller may be used to assist the 
circulation of the water. 

The forced circulation system is the most common type on 
modern tractor engines. In this system, a pump forces the water 
to circulate through the water jacket and radiator. A thermostat 
is usually located in the system to block the flow of water to the 
radiator until the block is warmed up. This aids in a quick warm- 
up of the engine and reduces the wear that takes place before the 
block is up to operating temperature. 


Thermostats 
When the water in a cooling system fails to heat up as 
quickly as it should, the thermostat is usually at fault. Two types 
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Fig. 8-8. This tractor thermostat is standing open because of a cracked bel- 
lows. With this in the system the engine will not warm up quickly or be 
kept at the correct operating temperature. (Courtesy American Oil Co.) 


of thermostats are used, the bimetallic strip and the bellows. 
One type has a bimetallic strip which expands when heated thus 
opening the valve. The other type uses a bellows, filled under a 
partial vacuum with a liquid having a low boiling point. When 
the liquid in the bellows is heated, it expands and opens the 
valve. In each of these two types, a valve is held closed until the 
water reaches the temperature at which the thermostat has been 
designed to begin to open, usually in the range of 165?F. to 185°F.; 
it should be completely open at approximately 200°F. When the 
thermostat opens, water is permitted to flow through the radiator. 
In cold weather the radiator may cool the water to below the full 
open temperature of the thermostat, causing it to partially close to 
restrict the flow and keep the water at the desired temperature. A 
faulty thermostat usually sticks open or opens at a temperature that 


is too low. Occasionally a thermostat sticks closed and the engine 
overheats quickly. 
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Àn engine should not be operated without a thermostat. The 
engine will not be maintained at the proper operating tempera- 
ture. In some systems a by-pass circulates the coolant through the 
block until the solution is hot enough to cause the thermostat to 
open, closing off this passageway and causing circulation through 
the radiator. If the thermostat is left out of this system, the coolant 
will by-pass the radiator and cause the engine to overheat. 
Anti-freeze Solutions 

Only two types of anti-freeze should be considered for use 
in tractor engines—an alcohol type or a permanent type. Tractor 
engines usually operate at a temperature above the boiling point 
of alcohol so the permanent type is recommended by most tractor 
manufacturers. The term “permanent” means the solution will 

‘not boil away and should not be interpreted to mean that it 
is good for use year after year. Permanent type anti-freeze should 
not be used more than one year. If permanent anti-freeze is left in 
year after year, damage to the system is almost sure to occur. 

Install only ethylene glycol coolant solution in the cooling 
system. DO NOT install any rust inhibitors that are not approved 
by the manufacturer. It is possible that the rust inhibitors and the 
ethylene glycol will not mix and will work against each other, de- 
creasing corrosion protection. Use 50 percent ethylene glycol 
coolant at all times. Using more than 50 percent ethylene glycol 
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Fig. 8-9. The parts of a typical pressure radiator cap for a tractor. (Courtesy 
International Harvester Co.) 
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decreases heat transfer and will cause the engine surface tempera- 
ture to be higher than normal. 

The cooling system must be free of leaks when permanent 
type anti-freeze is installed. This solution will leak where water 
will not and a leak into the engine may result in seizing of engine 
parts. Some tractor manufacturers recommend that a good radia- 
tor sealer be added when permanent type anti-freeze is used as 
an insurance against leaks. Follow the recommendations in the 
Operators Manual on this. Be sure head bolts are drawn down 
to the recommended torque and that all gaskets are in good 
condition. 


Atmospheric and Pressure Systems 


Water cooling systems may be open to atmospheric pres- 
sure or operated under a few pounds pressure to raise the boiling 
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Fig. 8-10. A pressure cap with a damaged gasket. This should be repaired or 
replaced because it cannot hold pressure. (Courtesy American Oil Co.) 


MAINTAINING THE COOLING SYSTEM 157 


point of water to about 230°F. A pressure radiator cap is used to 
place the system under pressure. The cap is constructed with a coil 
spring that holds a plate down against the opening in the top of 
the radiator until the pressure builds up to the specified pounds 
per square inch, usually 4 to 7 pounds. When the pressure exceeds 
this, the valve opens, permitting pressure to escape through the 
overflow pipe which connects to the radiator neck above the valve 
seat. The center of the valve cap has a small relief valvé which 
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Fig. 8-11. Remove trash from the radiator screen. Use water under pressure 
and direct the stream against the radiator from the side next to the en- 
gine. (Courtesy John Deere, Moline, Ill.) 


opens to relieve the slight vacuum when the system cools down to 
prevent the radiator from collapsing. It is obvious that both these 
valves must be kept in good operating condition to prevent 
damage to the system. Check the condition of the cap each time 
it is removed and repair the gaskets or replace the cap when it 
isn't operating correctly. 
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Fig. 8-12. Removing bolts, 3 and 4, allows for the removal of the condenser, 


l, and the engine oil cooler, 2, for thorough cleaning. (Courtesy 
Massey-Ferguson, Inc.) 


Procedures 


Follow the directions given in the manufacturer's Operator's 
Manual, if at all possible. They are specific for your tractor, 
rather than general. 


Warm Weather 


1. Check the radiator twice daily; refill with clean soft water % 
inch from the top. 

2. Check for leaks and repair them as soon as located. 

3. Brush, blow or wash dust, dirt and chaff out of the radiator fins 
as they accumulate. Be careful not to break fins loose from the 
tubes or to puncture the tubes. 

4. Keep the grill, oil cooler and condenser free from dirt, chaff, 
lint and other foreign material the same as the radiator. 

9. Adjust the fan belt. 


Fan-belt adjusting devices vary. Check the manual for specific 
instructions. 
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a. Adjust V belts so that each one can be pushed % to % inch 
out of line with the thumb. 


b. Check to see that the inside of the belt is not riding the 
bottom of the V pulley. Some pulleys are split so that the 
width is adjustable. In such cases, move the flanges to- 
gether enough to raise the belt from the bottom of the 
groove. If the pulley is not adjustable, replace the worn 
belt with a new one. 


Fig. 8-13. The compressor belt, 1, alternator belt, 2, and water pump belts, 3, 
must all be checked for wear and proper tension. (Courtesy Massey- 
Ferguson, Inc.) 


6. Drain and flush the cooling system once a year, more often in 
areas with high mineral content in the water. 


Method 1: 


a. Remove the thermostat. 
b. Refill the radiator and run the engine for a few minutes to 
stir up the rust or sediment. 
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Fig. 8-14. The side view of a typical older model tractor engine, showing the 


location of radiator and block drains. (Courtesy International Harvester 
Co.) 


c. Stop the engine, open the radiator cap one stop to allow any 
steam to escape, then remove the cap and drain the system 
quickly. 

d. Replace the drain plugs or close the petcocks, and refill the 
system with soft water and washing soda (1 pound for each 
2% gallons of water) and replace the filler cap. 
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NOTE: The washing soda will dissolve only in warm 
water. 


e. Run the engine until the water becomes hot. 

f. Drain the system. 

g. Flush the system with clean water until the water comes 
out clean. 

h. Replace thermostat. , 

i. Fill the system with anti-freeze solution. 
NOTE: When filling the system with water, add a good, 
reputable commercial rust inhibitor compatible with the 
ethylene glycol. This will help protect the system and re- 
duce rusting. 

Method 2: 


When cooling system deposits are quite heavy, a more drastic 
cleaner may be needed to dissolve the lime deposits. 


a. 


b. 


gq t^ 


Remove the thermostat. 

Refill radiator and run the engine a few minutes to stir up 
rust and sediment. 

Stop the engine, open the radiator cap one stop to allow any 
steam to escape, then remove the cap and drain the entire 
system quickly. 


. Fill the system with a solution made as follows: 


9 parts commercial muriatic acid 
] part commercial formaldehyde 
42 parts clean soft water 


. Run at operating temperature for two or three hours. 


Drain the system. 


. Refill system with water to which has been added 1 pound 


of lye, run for a few minutes. 


. Drain and flush thoroughly with clean water. 


Fill the system with an anti-freeze solution. Add a good 
commercial rust inhibitor for summer operation. Anti-freeze 
contains a rust inhibitor good for one season, if it is a per- 
manent type. (This procedure courtesy C. N. Hinkle, 
American Oil Co.) 
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Fig. 8-15. Never pour cold water into a hot engine. (Courtesy John Deere, 
Moline, Ill.) 
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Fig. 8-16. CAUTION: Never pour hot water into a cold engine. You may 
crack the head or the cylinder block. Do not operate the tractor without 
water for even a few minutes. (Courtesy John Deere, Moline, Ill.) 
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WARNING—Muriatic acid, formaldehyde and lye are poisonous, and ex- 
treme caution should be used to keep them away from children and animals. 
Do not leave any of these solutions, or any poison solution, in soft drink 
bottles because of the temptation for children to drink them. 


Fig. 8-17. The cooling system of a 6-cylinder engine. Note how the two 


thermostats cause the coolant to circulate through the block until the 
engine is warm. (Courtesy John Deere, Moline, Ill.) 


Method 3: 

Use a good commercial cooling system cleaner according to 

directions. 

. Inspect and replace hoses before they deteriorate and col- 

lapse. 

a. Pinch the hose to see if the walls feel thin and weak. In- 
spect the inside of the hose if it doesn't feel right. 

b. Loosen one hose clamp and remove one end of the hose. 
Loose or wrinkled lining indicates that the hose should be 
replaced. 

. When the thermostat is out, check to see if it opens correctly. 

a. Place the thermostat in hot water and measure the tempera- 
ture of the water with a thermometer to determine the tem- 
perature at which the thermostat starts to open and is fully 
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open. It should start to open — 10?F. from the desired level. 
Replace it, if it doesn't operate at the temperature desired. 


WARNING-If you put hot water in a cold engine or cold water in a 


hot engine, the head or block may crack. Do not operate the tractor without 
water for even a minute or two. 
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Fig. 8-18. A small row-crop tractor developing over 64 PTO horsepower. 
(Courtesy Long Mfg., N.C., Inc.) 


Care of an Overheated Engine 


When operating in very dirty or trashy conditions, an engine 
may overheat. Generally the temperature gauge will tell you, or 
steam and odor may come from the engine. 

DO NOT stop the engine and immediately add water. Let the 


engine idle unti] the temperature has had a chance to drop as low 
as possible. 
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Fig. 8-19. Maintaining the proper coolant level, combined with keeping the 
cooling system clean, will provide many hours of trouble-free operation. 
(Courtesy Ford Tractor Operations) 


Procedure 


1. Carefully open the radiator cap to the first stop; be sure to use 
some type of protection for your hands and eyes. 

2. After standing back and allowing the hot steam and coolant to 
escape, remove the radiator cap. 

3. With the engine still running, slowly add water. Allow it to mix 
with the hot coolant gradually so the engine does not crack. 

4. Replace the radiator cap. 


NOTE: Remember at the first opportunity to drain the cooling sys- 
tem and add the desired amount of coolant. 


QUESTIONS 


l. Why is the maintenance of the cooling system important 
in a new engine? 


166 


10. 


l1. 


TRACTOR AND SMALL ENGINE MAINTENANCE 


Trace the path the water takes through the engine when 
the thermostat is closed. 

Trace the path of the water through the engine when the 
thermostat is open. 

The engine should not be operated with the thermostat 
removed. Why is this important? 

How does the thermostat keep the engine at the proper 
operating temperature? 

What maintenance is necessary on the cooling system of an 
air cooled engine? 

What damage can occur in an air cooled engine from dirt 
accumulation in the cooling fins? 

What maintenance is necessary on the cooling system of a 
liquid cooled engine? 

Why is a "permanent" type anti-freeze usually recommended 
for tractor engines? 

Why should care be taken when adding a rust inhibitor to a 
“permanent” type anti-freeze? 

How should an overheated engine be handled in the field? 


CHAPTER 9 


MAINTAINING THE FUEL SYSTEM 


^, 


The most important item in maintaining the fuel system is the 
use of clean fuel. Clean fuel in a diesel engine is absolutely neces- 
sary and cannot be overemphasized. Fuel that is as clean as possi- 
ble should be purchased, placed in a clean tank and transferred 
to the tractor with a minimum of handling to reduce the chance 

.for contamination with dirt or water. 

Water is always a problem in a fuel system and may come 
from any one of several sources—water already in the fuel, water 
which has leaked into the storage tank or into the tractor fuel tank, 
and water that condenses out of the air inside the tank. Condensa- 
tion is the most common source of water. 

Condensation occurs when moisture laden air comes in con- 
tact with a cool surface. A tractor fuel tank cools at night, the 
moisture in the air above the fuel inside the tank condenses on 
the cool sides of the tank and enters the fuel. The simplest way 
to prevent this is to fill the tank with fuel at the end of the day. 
This will exclude air from the inside of the tank. Do not fill the 
tank on a hot tractor because of danger from fire. Wait a reason- 
able length of time for the tractor to cool before refueling. 


GASOLINE ENGINE SYSTEM 

The fuel system on a gasoline engine consists of a fuel tank, 
sediment bowl, a fuel pump (on some tractors), fuel lines and 
strainers, a carburetor, and an intake manifold. 

The maintenance of the fuel system is essentially that of in- 
specting, checking and making repairs or adjustments, as they are 
needed. If clean fuel is used, only infrequently will any repair jobs 
need to be done. 
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Fig. 9-1. The side view of an older gasoline tractor, showing the fuel system. 
(Courtesy International Harvester Co.) 


Fuel Tank 


The tank may need to be cleaned occasionally. If sediment 
and water collect often in the sediment bow], it indicates dirt in 
the tank and the tank will need to be drained and flushed with 
clean fuel. 


Procedure 


Shut off fuel. 

Loosen jam nut holding sediment bow] in place. 

Twist bow] to loosen it. 

Remove bowl, strainer and gasket. 

Tum on the fuel and catch in a container to reduce fire hazard. 


Splash clean fuel around inside the tank and drain to remove 
dirt. 


CIMA uL 
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Fig. 9-2. Keep vent holes in the filter cap open. (Courtesy International Har- 
vester Co.) 


7. Wash strainer in clean fuel, wipe bowl clean. 
8. Replace strainer, gasket and bowl. 
9. Fill tank with clean fuel. 
10. Tum fuel shut-off valve back on and check for leaks. 


If the tank becomes rusty enough so that rust is getting into 
the sediment bowl frequently, the tank will need to be removed 
and replaced with a new tank. This will not be necessary very 
often. 


Sediment Bowl and Fuel Strainer 


Small particles of dirt and water are trapped in the sediment 
bowl to prevent clogging of the small jets in the carburetor. As 
often as dirt or water accumulates in the bowl, it will need to be 
removed and cleaned. 

Use a metal or heat resistant bowl when picking corn or when 
there is danger of dirt and leaves collecting around the bowl and 
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catching fire. Ordinary glass bowls will break and fuel will feed 
the fire. 


Procedure 


1. Shut off fuel at the tank. 

9. Loosen jam nut holding bowl in place. 

3. Twist bowl to loosen it without damaging gasket. 
4. Remove bowl], strainer and gasket. 


FILTER VALVE 
FILTER HEAD 


FILTER. ELEMENT 


BOWL GASKET 


BOWL (GLASS) s 


BOWL BAIL 


Fig. 9-3. Parts of the sediment bowl and fuel strainer. (Courtesy Interna- 
tional Harvester Co.) 
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Wash strainer in fuel, wipe bow] clean. 

6. Replace gasket, strainer and bowl. (A new gasket is usually 
needed to prevent a leak.) 

7. Turn the fuel on, as soon as all air is out of the bowl, tighten 

jam nut enough to stop the fuel from leaking. 


, 


Fuel Pump 


If the system uses a fuel pump, it will be found between the 
tank and the carburetor. There isn't much maintenance that the 
operator can do on the fuel pump other than check to see that it is 
operating and replace it with a new or rebuilt pump when it fails. 

Failure of the fuel pump will be indicated by: failure of the 

engine to start, loss of power at high speeds or under load, high 
gasoline consumption, or a spray of gasoline coming from the top 
of the fuel pump. A ruptured diaphragm in the pump may permit 
fuel to be pumped into the crankcase. Any time the crankcase oil 
is diluted excessively with fuel or the oil level rises above normal, 
the fuel pump should be checked for leaks. The operation of the 
pump can be checked by loosening the fuel line from the carbure- 
tor and cranking the engine. Fuel should spurt from the fuel line, 
if the pump is working. 

When the pump fails, remove it and exchange it for a new or 
rebuilt pump at the dealer's. Check with the dealer to find out the 
procedure for installing the new pump without damage to the 
pump arm or the camshaft against which it operates. 


Fuel Lines and Strainers 


Fittings at the ends of fuel lines will occasionally start to leak 
as a result of vibration. Usually a slight tightening of the fitting 
will stop the leak and this should be done as soon as the leak is 
detected in order to prevent further damage to the fitting. If tight- 
ening doesn’t stop the leak, replace the fitting or the line and 
fittings. 


A strainer is often located in the carburetor at the end of 
the fuel line. Occasionally this strainer should be cleaned to re- 
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Fig. 9-4. A typical tractor carburetor. Note the fuel strainer. (Courtesy Inter- 
national Harvester Co.) 


move any sediment trapped there. Follow the directions in the 
Operator's Manual for cleaning this strainer. Be careful in replac- 
ing the line to not cross-thread the fitting. 


Carburetor 


The chief job of the carburetor is to mix fuel and air for deliv- 
ery into the combustion chamber. 

Fuel, for greatest power, is usually mixed with air at the ratio 
of 1:12.85 to 1:16.15 by weight. You can best visualize the size of 
this job by considering that for each 10 gallons of gasoline more 
than 90,000 gallons of air is required, or the air that could be con- 
tained in a 16’ by 50’ silo. The exact proportion of fuel and air 
needed by the engine varies with the speed, load, temperature, 
rate of acceleration, and other factors. Performance and economy 
are always important to the owner. The carburetor is a precision 
instrument of a somewhat complicated design. Generally, the car- 
buretor will do its job without trouble for long periods, provided it 
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has clean fuel of the proper kind and clean air to mix with it. The 
operator should usually adopt a “hands off" policy for the car- 
buretor except for minor adjustments. For complete overhaul and 
rebuilding, the carburetor should be taken to a specialist. 

Unnecessary adjustment of the carburetor can result in loss 
of power, high fuel consumption and burned valves. 

Too lean a mixture results in poor economy because of loss 
of power, poor acceleration, and a tendency to burn valves and 
spark plugs. 

Too rich a mixture results in wasted fuel and in piston and 
ring wear due to the washing off of lubricating oil, dilution and 
increased carbon formation. 

The maintenance of the carburetor will consist chiefly of 
checking nuts and bolts for tightness and making idle speed, idle 
mixture and load mixture adjustment. 

Check the bolts or nuts that fasten the carburetor to the mani- 
fold. Tighten these when they are loose. 

Occasionally tighten the screws which fasten the fuel bowl to 
the fuel bowl cover. Keep these screws tight to prevent air leaks. 


Idle Speed Adjustment 


The idle speed adjustment is a stop screw that determines 
how far the throttle valve will close when the throttle lever is at 
the full idling position. Many engines have been ruined by being 
idled too slowly. Check the Operator’s Manual for the correct idle 
speed for the tractor being adjusted. 

The adjustment procedure is to first have the tractor warm, 
then to close the throttle and screw the idle speed adjustment in or 
out until the desired idle speed is obtained. A speed counter or 
tachometer will be needed to set the speed correctly. 


Idle Mixture Adjustment 

With the engine warmed up and idling at the correct speed, 
the idle mixture adjustment can be made. 

Turn the idle adjusting screw out until the engine runs rough- 
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ly, then turn the screw in until the engine runs smoothly; this 
should be the correct idle mixture adjustment. The correct adjust- 
ment will usually be found with the adjusting screw turned out 
one to one and a quarter turns. 
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Fig. 9-5. An older tractor carburetor, showing the location of the adjustments, 
(Courtesy Allis-Chalmers Corp.) 


Screwing the idle mixture screw in usually restricts the air 
and gives a richer mixture. Screwing it out gives a leaner mixture. 


Load Mixture Adjustment 


The smaller tractors usually have no provision on the carbure- 
tor for making an adjustment of the load mixture. A fixed jet is 
used and the only way to change the adjustment is to change jets. 

On the larger tractors, the load mixture is adjustable by means 
of a screw adjustment. Check the Operator's Manual for the ad- 
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justment procedure and for the location of the load mixture adjust- 
ment screw. 


The procedure is to have the tractor warm,-open the throttle 
and screw the load mixture screw in, until the engine mis-fires, 
then turn the screw out until the engine runs smoothly. Now place 
the tractor under load and observe how it reacts. If there is back- 
firing through the carburetor and the engine tends to sfall, the 
mixture is still too lean. Back the adjustment out about an eighth 
of a turn and place the tractor under load again. Repeat this until 
the tractor takes the load smoothly. 

Screwing the load mixture screw in usually restricts the fuel 
flow and gives a leaner mixture. Screwing it out gives a richer 

mixture. 


Fig. 9-6. CAUTION: Never adjust the carburetor while the tractor is moving, 
(Courtesy John Deere, Moline, Ill.) 


Obviously, the load adjustment should be made with the 
tractor under load, but do not attempt to walk beside the tractor 
and make the adjustment while the tractor is moving because of 
the danger of tripping and falling under the wheel. The procedure 
given is much safer although it takes longer. 

It is not necessary to be constantly changing the carburetor 
settings; in fact, it is not advisable to do this. Once the carburetor 
is set correctly, adjustment should not be necessary unless the load 
changes or the fuel quality changes radically. If the adjustment is 
made for heavy loads and the tractor is operated on light loads, 
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the mixture will be too rich which will waste fuel and cause un- 
necessary wear and damage from oil dilution. Operating with a 
mixture that is too lean may result in overheating, loss of power 
and high exhaust valve temperatures that will burn the valves. 
There is no economy in using a lean mixture. 


Manifold 


Check the manifold for leaks and tighten manifold bolts, if 
leaks are found. Replace manifold gaskets, if tightening does not 
stop the leaks. 


Governor 


The engine speed control lever is not connected to the car- 
buretor throttle valve, but is connected to a governor. As the speed 
control lever is moved it changes the tension on a spring in the 
governor and an arm from the governor then opens or closes the 
throttle valve, increasing or decreasing the engine speed. The gov- 
ernor, by means of flyball weights, maintains the desired speed 
of the engine as set by the speed control lever. 


When the governor cannot maintain the speed, the engine 
speeds up and then slows down, a condition known as hunting. 
When this happens, have the governor repaired by the dealer's 
service department. 


DIESEL ENGINE SYSTEM 


It is important to use clean fuel in a gasoline system, but it 
is much more important to use clean fuel in a diesel system. Water 
and dirt must be kept out of the diesel system. 


Secure clean fuel, store it in a tank containing a drain cock for 
drawing off water and sediment, transfer fuel to the tractor with a 
hose and a nozzle that is kept capped when not in use and allow 
fuel to settle several hours before withdrawing any to place in the 
tractor. These precautions should insure clean fuel for the tractor 
tank. Always leave the tractor tank full at night to exclude 
moisture-laden air. The tractor system fuel filters should remove 
any normal amount of water and dirt in the fuel. 


Follow the directions in the Operators Manual very care- 
fully in maintaining and servicing the diesel engine fuel system. 


Fig. 9-7. Transfer fuel to the diesel tractor with a hose and a nozzle that is 
kept capped when not in use. (Courtesy International Harvester Co.) 
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Fig. 9-8. A diagram of a diesel fuel system. Note the filters. (Courtesy 
Massey-Ferguson, Inc.) 
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Fig. 9-9. The side view of an older diesel tractor fuel system. Note the fuel 
pump, fuel filter with dual-stage element, injection pump and injectors 
to each cylinder. (Courtesy John Deere, Moline, Ill.) 


Fig. 9-10. A dual-stage replaceable fuel filter element, filter body and filter 
retaining spring. Inspect the filter daily. If there is water or foreign mat- 
ter at the bottom of the filter, loosen the filter drain plug at the bottom 
and drain the water and foreign matter. Bleed the filter after draining. 
The bleed plug is at the top of the filter body. (Courtesy John Deere, 
Moline, Ill.) 
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Fig. 9-11. The parts of a diesel injection system. Note the path of the fuel. 
(Courtesy International Harvester Co.) 


Remember that you cannot be too careful in attempting to keep 
dirt and water out of the system. 

Maintenance of the system will consist chiefly of servicing 
the filters. Service the sediment bowl or water trap daily or as 
often as water or sediment accumulates in the bowl. This should 
protect the rest of the filters in the system. Service the second 
and third stage filters as recommended by the manufacturer. 

Any servicing or adjustment on the fuel pump, injectors 
and/or nozzles should be done by the dealer. Ordinarily the 
operator should not attempt to work on this part of the system be- 
cause of the need for special equipment and special training. 


Replacing Fuel Filter Elements 
The area around the fuel filters should be thoroughly cleaned 
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Fig. 9-12. A diagram of a fuel system, showing different parts: 


A. Thermostat G. Fuel Pump 

B. Injectors H. Fuel Pump Vent Plug 

C. Leak-off Pipe J. High Pressure Fuel Pipes 
D. Fuel Tank K. Hand Priming Lever 

E. Fuel Filter Vent Plug L. Fuel Pump Bowl 

F. Fuel Filters 


(Courtesy J. I. Case Co.) 


before the filters are replaced. Dirt must not be allowed to enter 
the fuel injection system. A general procedure to be used is: 


1. Close the fuel shut-off valves. 

2. Unscrew the fuel filters and throw them away. 

3. Thoroughly clean the filter head. 

4. Screw each new filter on by hand until it just touches the 
sealing area, and then tighten another quarter turn. 

9. Remove the sediment bowl, empty the water and sedi- 
ment, and clean and reinstall the bowl. 

6. Completely open the fuel shut-off valves. 
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Fig. 9-13. Before operating the tractor each day, open the water trap drain 
valve on the fuel tank (if equipped with one) to remove any water or 
sediment. (Courtesy J. I. Case Co.) 


7. After reassembly, air-bleed the fuel system and check for 
fuel leaks. 


Air-Bleeding the Fuel System 


If a tractor runs out of fuel, if fuel filters have been changed, if 
the engine has not been operated for a long period of time or if the 
engine fails to start, it is possible to put fuel in the tank and start 
the engine without doing any air removal. However, air will gen- 
erally be trapped in the filters. This air in the system will cause 
loss of power and may cause the engine to stall when a load is 
applied. 

In general, air can be removed by this method: 

1. Loosen the bleed screws on the fuel filter head. 

2. Operate the priming plunger until air-free fuel flows out of 

the bleed screws. 
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Fig. 9-14. A side view of a tractor, showing fuel pump and filter location. 
(Courtesy J. I. Case Co.) 


3. Tighten the bleed screws. 

4. Loosen the fuel retum connection at the fuel pump and 
operate the priming plunger until air-free fuel is present. 

5. Tighten the fuel retum connection and start the engine. 


If air-bleeding temporarily eliminates the starting problem 
but the engine malfunctions again, make sure to check all fuel 
connections and fuel lines. Loose fuel connections and gasket sur- 
faces, or damaged fuel lines, will often allow air to enter the sys- 
tem without showing any apparent fuel leakage. 

With clean unrestricted filters, air leaks will usually occur on 
the suction side of the system between the fuel tank and the fuel 
lift pump. With badly restricted fuel filters, the transfer pump por- 
tion of the injection pump (in its attempt to obtain fuel) may also 
pull air into the system. 


Retighten all fuel connections and replace fuel filters, if 
necessary, 
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LP GAS SYSTEM 


The maintenance of the LP Gas system is relatively simple in 
that the fuel is handled as a liquid under pressure and is metered 
as a gas in the carburetor. If reasonable care is used in keeping the 
transfer hoses and fittings clean, there is very little chance for dirt 
to enter the system. 
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Fig. 9-15. The fuel tank and filling devices on one LP Gas tank. Note the 
liquid-level gauge, filler valve and vapor-return valve. (Courtesy John 
Deere, Moline, Ill.) 


As in a gasoline engine, if the carburetor is not adjusted prop- 
erly, it can burn too much fuel and waste it, or burn too little and 
reduce power. 
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Fig. 9-16. A diagram of a typical LP Gas fuel system. (Courtesy John Deere, 
Moline, Ill.) 


Plugged Fuel Lines 


One of the common problems that can occur with LP Gas en- 
gines is plugged fuel lines. Fuel lines may become plugged, or 
valves may stick open due to small particles of dirt in the system. 
A dangerous gas leak or completely blocked fuel lines may result if 
the dirt is not removed. 

Blockage in an LP Gas system is easy to locate because frost 
will occur at the restriction. 

If frost is observed on the outside of a line: 


1. Shut off the engine and close the vapor valves at the fuel 
tank. 

2. Disconnect the fuel line and clean it out. 

3. Reconnect the fuel line and open the vapor valves. 


If the fuel strainer is blocked, it will get frosty. It can be 
cleaned in this way: 


1. Shut off the engine and close the liquid and vapor lines at 
the tank. 
2. Remove the drain plug from the strainer. 
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Fig. 9-17. Never refuel the tractor while the engine is running or extremely 
hot. (Courtesy International Harvester Co.) 


3. Open the vapor valve at the tank slowly to blow the dirt out 
of the vapor valve. 

4. Replace the strainer drain plug and open the liquid and 
vapor valves at the tank. 

5. Restart the engine and look for any frost formation. 


Read and follow the directions in the Operators Manual in 
handling LP Gas and operating the system. Service the filter as 
recommended. 


QUESTIONS 


1. Why is clean fuel so important in maintaining the fuel system? 
2. Why is it recommended that diesel fuel be transferred from 
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the storage tank to the tractor fuel tank through a hose rather 
than with containers and a funnel? 


. How does water get into a fuel tank? 
. Check in an Operator's Manual for the recommended interval 


for cleaning the fuel screen in the carburetor. 


. What damage can occur from a carburetor adjustment that is 


too lean? 


. What damage can occur from a carburetor adjustment that is 


too rich? 


. What three adjustments can usually be made on the carburetor 


of a tractor? 


. What should be done when the governor cannot maintain the 


engine at an even speed? 


. Why is clean diesel fuel so important? 
. What is the general procedure for replacing fuel filter ele- 


ments? 


. Why is it important to air-bleed a diesel fuel system after the 


tractor has run out of fuel or the fuel filter elements have been 
replaced? 


. What is the general procedure for air-bleeding a diesel fuel 


system? 

How does an LP Gas fuel system differ from a gasoline fuel 
system? 

How can blockage in an LP Gas fuel system be located? 


CHAPTER 10 


MAINTAINING THE IGNITION SYSTEM 


The ignition system needs systematic servicing occasionally 
to bring about easy starting, quick warm-up and efficient operation 
of the tractor. Much of the servicing should be done by a compe- 
tent mechanic with specialized equipment, usually at the time of 
the yearly tune-up. However, there are some important service 
jobs that the operator should do regularly. 
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Fig. 10-1. A 6-cylinder tractor ignition system, showing the coil, distributor 
and high tension leads to the spark plugs. Note the firing order on the 
block below and to the right of the distributor. (Courtesy International 
Harvester Co.) 
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BATTERY IGNITION SYSTEM 


Battery ignition systems have replaced the magneto systems 
on all modem farm tractors. The main difference between the two 
is the source of electric energy. In the battery system, the battery 
is the source, and in the magneto system, permanent magnets in 
the magneto set up a magnetic field independent of anv other 
source of electric energy, permitting the magneto to generate its 
own current when it is rotated. 


Spark Plugs 
Remove, clean and re-gap the spark plugs about every. 250 
hours of operation. 
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TYPICAL PRESENT-DAY SPARK PLUG CONSTRUCTION 


E Typical present-day spark plug construction. (Courtesy Ethyl 
orp. 
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Procedure 


l. Brush or blow dirt from around the spark plug base. 

2. Remove the plug with a wrench that fits the spark plug. 

3. Examine the porcelain insulator and points. If the insulator ap- 
pears to be melted or blistered, cracked or broken, and the 
points seem unduly bumed, it is evident that the plug is operat- 
ing too hot and should be replaced with a colder plug. If the 


» 
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Fig. 10-3. Length of heat path controls heat range. (Courtesy Ethyl Corp.) 


Fig. 10-4. Insulator nose length and the location of the insulator in the shell 
determine length of heat path. (Courtesy Ethyl Corp.) 
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Fig. 10-5. Round gap gauges insure correct settings. (Courtesy Ethyl Corp.) 


plug is fouled excessively with carbon, it apparently is operat- 
ing too cold and should be replaced with a hotter plug. Plug 
and engine manufacturers recommend specific plugs for 
specific uses. Even the correct style of plug will accumulate 
some carbon and the electrodes will scale to a certain extent. 
Carbon accumulation tends to allow leakage of electricity. Cor- 
roded or scaled points tend to weaken the spark. A plug with a 
large gap may fire at low speeds but will not fire when the en- 
gine is under load at high speeds. 
4. Replace misfit plugs with the proper plugs. 
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Fig. 10-6. Setting the spark plug point gap. Note the round gauge. (Courtesy 
John Deere, Moline, Ill.) 


Ct 


. Clean plugs with a wire brush. 

6. Re-gap the plugs, using a round gauge, and bend the outside 
electrode to the correct gap as recommended by the manufac- 
turer. The gap will vary from 0.020 to 0.030 inch. 

7. Replace the plugs, using a new gasket. With a torque wrench, 
tighten the plugs to the recommended torque, usually about 30 
foot-pounds for the larger plugs. 

NOTE: Remember that changing spark plugs merely means that 

less voltage is needed for the plug to fire; further checks must be 

made to find the causes of bad fouling problems. 


Breaker Points 

The breaker points should be checked about every 500 hours 
of operation. Continued use causes the points to pit and corrode 
so that the flow of current is obstructed and the strength of the 
spark is reduced. When the points are pitted badly, they should be 
replaced with good quality points by an experienced mechanic. 
Don' try to save money by using off-brand replacement points. 
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It is usually advisable to replace the condenser at the time points 
are replaced. . 
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Fig. 10-7. Adjusting the breaker points. Check the Operator's Manual for 


clearance. (Courtesy International Harvester Co.) 


When the points need adjusting, proceed as follows: 


Procedure 


l. Remove and clean the ignition wires and distributor cap; in- 


spect the cap for cracks. 
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2. Pull the distributor rotor from the shaft. 
Remove the dust cap, if one is present. 
4. Adjust the points. 
a. If there is a small tip on one point, it may be removed with 
a point file to give slightly longer service out of the points. 
b. Crank the engine slowly until the points are open and the 


cam follower is on the peak of a lobe on the distributor 
cam. i 
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Fig. 10-8. A distributor partially disassembled for servicing. (Courtesy Inter- 
national Harvester Co.) 
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Fig. 10-9. Note the dust cap and rotor on this distributor. (Courtesy Massey- 
Ferguson, Inc.) 


c. Check the distance between the points with a clean feeler 
gauge. If the clearance is not right, move the movable point 
until the clearance is set according to the manufacturer's 
recommendation. Lock the adjustment. 

d. Clean the points carefully with a clean cloth or paper 
towel to remove any grease or dirt that would cause early 
pitting. 

9. Lubricate the distributor, following directions in the Opera- 
tors Manual. 

a. Place one drop of light oil on the breaker arm pivot pin. 

b. Place three to five drops of light oil in the felt wick in top 
of breaker cam. 

c. Lubricate cam lobes very sparingly with hard grease. Do 
not overlubricate or get any grease on the points. 
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6. Replace the dust cap and distributor rotor. 
7. Replace distributor cover and spark plug wires. 


. Coil 


Hard starting, failure to start, irregular firing at high speeds, 
high fuel consumption and loss of power can result from a weak 
spark due to a faulty coil. Have the coil tested by a good ignition 
service shop, and replace it if it is not up to standard. i 


Ignition Timing 


When the distributor has been removed from the engine or 
the points have been adjusted, the timing will need to be checked. 
. It is very important that the ignition be timed correctly for power, 
smooth operation and fuel economy. 


Ignition timing is accomplished by placing No. 1 piston at 
top dead center of the compression stroke and adjusting the dis- 
tributor so that the points open at this position, causing the spark 
‘which is distributed to No. 1 cylinder. 


Two methods may be used to determine when No. 1 piston is 
on the compression stroke. (1) Remove the spark plug from No. 1 
cylinder (usually the front cylinder). Place your thumb over the 
spark plug hole; as the engine is cranked slowly by hand, a defi- 
nite outward pressure will be felt as the piston comes up on the 
compression stroke. A slight pressure will be felt on the exhaust 
stroke; don’t confuse the two strokes. (2) If the valve cover is off, 
the rocker arms and push rods on No. 1 cylinder will be free when 
the piston is on the compression stroke. 


A top dead center mark (TDC) is usually on the flywheel or 
on the crankshaft pulley and will line up with a pointer when No. 1 
piston is at top dead center. This mark will line up at top dead 
center on both the compression stroke and the exhaust stroke, so 
be sure of the compression stroke when timing. 
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Fig. 10-10. The timing pointer and timing marks on one tractor. (Courtesy 
International Harvester Co.) 
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Fig. 10-11. The timing pointer and tags: marks on the fan-drive pulley. 
(Courtesy International Harvester Co. ) 
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Fig. 1 10-12. xin marks on die Pel amd the *4 on the inspection 
hole. (Courtesy Massey- Ferguson, Inc.) 


Procedure for CHECKING Ignition Timing 


l. 
2 


3. 
4. 


e 


For safety, remove spark plug wires from the spark plugs. 
Move No. 1 piston to near top dead center on the compression 
stroke by hand cranking the engine. 

Turn the ignition switch on. 

Hold No. 1 spark plug wire or the high voltage lead from the 
coil, near some part of the engine. 

Continue cranking very slowly until a spark occurs. 

Stop cranking and observe the location of the top dead center 
mark. It should be lined up exactly with the pointer. If it is 
not, you must make an adjustment by rotating the distributor 
until the spark does occur at top dead center. 


Procedure for ADJUSTING the Ignition Timing 


E 


For safety, remove all spark plug wires from the spark plugs. 
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nd 


Fig. 10-13. Showing the secondary cable held under the distributor cap 
spring for making a check on the timing. (Courtesy International Harves- 
ter Co.) 


bo 


Move No. 1 piston to top dead center on the compression 

stroke. 

3. Loosen the distributor clamp until the distributor can be just 

moved by hand. 

Turn the ignition switch on. 

Rotate the distributor enough to close the points. 

Have someone hold No. 1 spark plug wire or the high voltage 

lead from the coil, near some part of the engine. 

7. Rotate the distributor slowly until the spark occurs when the 
points start to open. 

8. Clamp the distributor in this position. The timing should be 
correct now, but it isn't always possible to get the distributor 
clamped without disturbing the adjustment. 

9. Check the ignition timing. 

a. Rotate the crankshaft almost two revolutions until No. 1 

piston is coming up on the compression stroke again. 


D gt 
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Distributor rotor arm 
in No. 1 firing position 


Fig. 10-14. Assembling the battery ignition unit. Note that the coil is in- 


cluded in this unit. The engine is now in firing position. (Courtesy In- 
ternational Harvester Co.) 
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Fig. 10-15. Advancing the distributor while holding the seconda 


to !/s inch from the primary terminal. (Courtesy International Harvester 


Co.) 
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Fig. 10-16. Spark plug wiring. The engine firing order is 1, 5, 3, 6, 2, 4. 
(Courtesy International Harvester Co.) 


b. Hold the No. 1 spark plug wire as before. 

c. Crank very slowly until a spark occurs, then stop cranking. 

d. Check the top dead center mark. It should be lined up 
exactly with the pointer. If it is, the timing is correct. If 
it is not lined up, re-time the distributor until it is correct. 


Timing Light 

A timing light using a neon tube gives a quick, accurate way 
of checking or adjusting the ignition timing. The instructions for 
the proper hook-up and operation of the timing light, furnished by 
the manufacturer of the light, must be followed. Do not use a light 
designed for a 6 volt system only, on a 12 volt system or the light 
may be damaged. 

When the light is properly connected to a power source and to 
the No. 1 spark plug cable, the light will flash as No. 1 spark plug 
is fired with the engine running. The light is directed on the tim- 
ing marks and will show the relative position of the marks and the 
pointer at the time the spark occurs. The distributor can be rotated 
with the engine running until the timing is correct. 

It is extremely important to follow the instructions in the 
Operators Manual accurately when timing the distributor with a 
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Fig. 10-17. A timing light. (Courtesy Sun Electric Corp.) 


timing light because most late model tractors are timed at a fast 
idle speed of 1900 to 2500 rpm. The spark advance at this speed is 
usually 19° to 20° before top dead center. 

There may be several timing marks on the flywheel or pulley; 
the Operator's Manual will identify these marks. It is a good prac- 
tice to whiten the marks with chalk or white paint before using the 
light, so they can be seen easily. 


MAGNETO IGNITION SYSTEM 


Tractors equipped with a magneto ignition system will have 
the high tension (high voltage) type magneto. These magnetos re- 
quire some care to function well. Lubrication is necessary and the 
points must be serviced and maintained. If the Magneto is 
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Fig. 10-18. A final check of timing, using a power timing light. Follow the 
directions in the manual for using the light. (Courtesy John Deere, 
Moline, Ill.) 


loosened on the mounting pads or removed, re-timing will be 
necessary. 

Any servicing of the magneto other than lubrication, cleaning, 
and point adjustment should be done at a reputable electrical serv- 
ice shop with special magneto test equipment. It is a good practice 
to have the magneto checked once a year, at the time of the annual 
tuneup. 


Procedure 
1. Clean the magneto. 
a. Keep dust and dirt from accumulating on the outside of the 
magneto. 
b. Keep small ventilator holes open to prevent condensation 
in the magneto. 
2. Lubricate the magneto. 
a. Check the Operator’s Manual for lubrication points on the 
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Fig. 10-19. Remove dirt from the engine and ignition system. Dirt causes 
hard starting in damp weather. (Courtesy American Oil Co.) 


magneto and follow directions carefully. Use the right 
kind and the right quantity of lubricant. Overlubrication 
is probably more common than underlubrication. 

3. Lubricate the impulse coupling, if provision is made for its 
lubrication. The impulse coupling retards the spark when the 
engine is being cranked or running very slowly and flips the 
rotor forward rapidly for a part of a revolution to produce a 
hot spark for starting. If the impulse coupling isn't working, 
there is danger of the engine kicking back, because the spark 
will occur before top dead center when the engine is cranked 
and the spark will be so weak it will be difficult to start the 
engine. 

4. Service the breaker points. 

a. Check the point gap. Set the gap to the clearance recom- 
mended in the Operators Manual, using a feeler gauge. If 
one point has a projection on it, the points will need to be 
dressed with a point file before the gauge can be used 
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accurately. Badly pitted points should be replaced and the 
condenser checked. A faulty condenser or poor electrical 
connection between the condenser and the points will cause 
arcing and rapid burning of the points. 

b. Clean the breaker assembly. 


5. Check the timing, using the procedure in the Operator s Man- 
ual because of differences in magnetos and timing procedure. 
In the absence of specific instructions, the following proce- 
dure will usually work: 

a. For safety, pull the high tension lead from the coil or from 
the center of the distributor cap. 

b. Locate the timing marks and pointer. 

c. Crank the engine slowly until top dead center of No. 1 cyl- 
inder is reached on the compression stroke; at this time the 
impulse coupling should trip. If the timing marks and 
pointer are lined up, the timing is correct. 


"^ * 


Fig. 10-20. A small utility tractor producing 52 PTO horsepower that is avail- 
able in either a gasoline or diesel model. (Courtesy Ford Tractor Opera- 
tions) 
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Fig. 10-21. Large, modern farm tractors, such as this 504 cubic inch tur- 
bocharged, innercooled 6-cylinder diesel producing over 260 engine 


horsepower, have replaced most of the smaller gasoline engine tractors. 
(Courtesy J. I. Case Co.) 


6. You may adjust the timing by loosening the magneto slightly 


and shifting it until the impulse trips just as the marks line up 
with the pointer. 


QUESTIONS 


l. What maintenance of the ignition system should be done by 
the tractor operator? 


2. What is the difference between a "hot" 
"cold" spark plug? 

3. Why should a new 
plugs? 


spark plug and a 


gasket be used when replacing spark 


10. 


11. 
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Why should a round gap gauge be used when checking the 
gap of used spark plugs? 

Why should a torque wrench be used when installing spark 
plugs? 

Approximately what torque should be used to install most 
spark plugs? 

What effect does breaker point gap clearance have on ig- 
nition timing? 

Which should be adjusted first, the breaker point gap eu. 
ance or the timing of the ignition? 

How can you determine when No. 1 piston is approaching 
TDC on the compression stroke? 

When checking the ignition timing, why can the high ten- 
sion cable from the coil be used rather than the No. 1 
spark plug cable? 

What maintenance is usually needed on a magneto ignition 
system? 

What is the purpose of the impulse coupling on a magneto? 


CHAPTER 11 


MAINTAINING THE ELECTRICAL SYSTEM 


Modern farm tractors are equipped with a complete electrical 
system—battery, starter, alternator or generator, voltage regulator, 
lights, switches, ammeter and an array of monitors, sensors and 
indicator lights. 

The major parts of the electrical system will require only 
minor service such as cleaning and lubrication. Major repairs will 
need to be done by a qualified electrical service shop with test 
equipment. 

There are several maintenance jobs, however, that are the re- 
sponsibility of the operator and that must be done regularly to 
keep the system working. The most important of these jobs is ser- 
vicing the battery. 
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Fig. 11-1. A schematic wiring diagram of an older farm tractor. (Courtesy 
White Farm Equipment Co.) 
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Battery 


l. Add pure water (distilled, if possible) as often as needed to 
keep the separators covered. Check at least once a week. 

2. Take a battery hydrometer reading each week, before adding 
water. The reading for each cell should be between 1.950 and 
1.275. 

3. Keep the battery fully charged at all times. 


FE ati: A @ r 1 - ia 


Fig. 11-3. For easy starting, the battery should be in a fully charged condi- 
tion. The condition of a battery can be checked with a battery hydrome- 
ter. (Courtesy American Oil Co.) 


4. In cold weather, protect the battery from freezing by keeping 
it fully charged or stored in a cool place where the tempera- 
ture will not drop below freezing. 

5. Wipe the outside of the battery clean at least once a month 
with a damp cloth. If the terminals are corroded, brush them 
clean and apply a solution of 2 ounces of baking soda in 1 
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Specific Gravity 


Reading (Adjusted) State of Charge 
| DO NOT SUCK 
HOLD TUBE, ,, IN TOO MUCH 
VERTICAL ELECTROLYTE 


FLOAT MUST 
BE FREE 


Very Little 
Discharged 


TAKE READING 
AT EYE LEVEL 


Fig. 11-4. Testing the battery for correct specific gravity. (Courtesy John 
Deere, Moline, Ill.) 


quart of water, then flush the battery top with clean water. 
Coat the terminals with vaseline. 

6. Do not permit the battery to bounce around in its carrier. 
Keep the battery hold-down bracket tightened enough to se- 
cure the battery, but not tight enough to damage the case. 


Fig. 11-5. Keep flame away from battery filler cup openings. (Courtesy John 
Deere, Moline, Ill.) 
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7. Replace the battery when it will not hold a charge. 

8. Keep sparks or open flame away from the battery because the 
gas in the battery is highly explosive. 

9. Keep battery cables clean and tight. A loose connection will 
prevent the battery from delivering the power necessary to 
crank the engine. 


SAL S 1 LR 


a E k t s EMEN Iu Sas 


Fig. 11-6. Battery gas is highly explosive. Removing a wire while charging 
caused this battery to explode. Battery acid is dangerous. (Courtesy 
American Oil Co.) 


The specific gravity of the electrolyte indicates the relative 
condition of the battery charge and warns when it may be 
necessary to recharge the battery. 

Several tractor manufacturers use maintenance-free batteries 
which are completely sealed except for vent holes. The vent holes 
allow the small amount of gases produced to escape. The batteries 
never need to have water added, nor do they require periodic 
checking of their electrolyte levels. They generally have battery 
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For long battery life 
and trouble frec operation 
service the battery at 
15 day intervals 


To prevent hard starting, keep 
terininals tight 


To prevent corrosion, coat 


D terminals with lubricant 


To prevent battery damage, 
keep hold-down clamp snug 
— not too tight 

T 


Keep ground strap tight and 


free of paint and dire 


Keep battery filled 
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Fig. 11-7. Check points for maintaining the battery. (Courtesy International 
Harvester Co.) 


charge indicators that tell if the batteries are good, need charging, 
or should be replaced. 

Inspect the battery once every two weeks to maintain the cor- 
rect specific gravity. The specific gravity of a fully charged battery 
is 1.255 to 1.270 corrected to +80°F. (liquid temperature), A 
specific gravity reading of at least 1.230 corrected to + 80°F. should 
be maintained. Never allow the battery to fall below 1.230. 

The specific gravity reading will vary with the temperature of 
the electrolyte. For readings taken at any temperature other than 
+80°F., a temperature correction must be applied. Do this by add- 
ing .004 specific gravity for every 10° above +80°F ., and by sub- 
tracting .004 specific gravity for every 10° below +80°F 


Fig. 11-8. Maintenance-free batteries are sealed except for vent holes, and 
each has a battery charge indicator, 1, which tells whether the battery 
is good, needs charging or should be replaced. (Courtesv Massey- 
Ferguson, Inc.) 


Fig. 11-9. Cold weather can greatly reduce a battery's crankin g ability, at the 
same time increasing the cranking resistance of an engine. (Courtesy 
John Deere, Moline, Ill.) 
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Example No. 1 


Hydrometer reading 52... ana sc ener eee 1.270 
Electrolyte temperature ......:.. 22... eee +20°F. 
Subtract .024 Sp. Gr... 5.0.0 01 6 seen eee (.004 x 6) 
Corrected Sp. Gr. is iiis EPOR 1.246 


Hydrometer reading o. a 7 TODO ID DL 1.255 
Electrolyte temperature... 09022 TTD TDI +100°F. 
Add ,008 Sp. Gr... TI M (.004 x 2) 
Corrected Sp, Gr, is. 22059 +35 eee TI 1.263 


Courtesy International Harvester Co. 


Generator 


The generator will require lubrication occasionally, but use 
care not to overlubricate. Follow the directions in the Operator's 
Manual. 

Keep the generator wiped clean. 

When the commutator is dirty or slightly grooved, vou may 
clean it by holding very fine sandpaper against it while the engine 
is running. Blow out any dust before replacing the cover strap. 

Replace generator brushes before they wear down too short 
and permit the generator to become damaged. It costs less to 
replace the brushes than it does to replace the generator and 
voltage regulator. 


Alternator 


Modem farm tractors are equipped with an alternator rather 
than a generator. Alternators are generally more compact than 
generators and can supply a higher current at lower engine speeds. 
Basically the alternator is an a.c. generator in which the a.c. cur- 
rent is rectified to d.c. current electronically by the use of diodes. 
Usually altemators need no regular maintenance other than belt 
tension adjustment. Sealed bearings are used so no further lubrica- 
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o 


on 


Fig. 11-10. Oil cups for lubricating the generator. Oil sparingly, according to 
directions in the Operators Manual. (Courtesy John Deere, Moline, III.) 


tion is necessary. Certain safety rules must be followed, however, 
to prevent damage to the alternator charging circuit. 


1. Disconnect the battery ground strap before working on the 
alternator or regulator. 

2. NEVER POLARIZE THE ALTERNATOR. It is a recom- 
mended practice after anv service work on a generator to 
polarize it by momentarily touching a jumper wire between 
the battery (B) and generator (G) terminals on the outside of 
the voltage regulator. Polarizing the generator prevents re- 
verse current flow through the cutout relay, which will allow 
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Fig. 
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11-11. A typical alternator installation. Note the size and shape of the 
alternator. (Courtesy John Deere, Moline, Ill.) 


the battery to discharge. (The alternator does not have a cutout 
relay.) 

Always connect booster batteries POSITIVE to POSITIVE 
and NEGATIVE to. NEGATIVE. Don't use a battery charger 
as a booster to aid in starting an engine equipped with an 
alternator. 

Never disconnect or connect any alternator or regulator wir- 
ing with the alternator operating or with the batteries con- 
nected, 

Never disconnect the batteries when the engine is running 
and the alternator is charging. 


NOTE: Anv sudden or excessive surge of current through the 


alternator charging circuit can severely damage the diodes 
in the alternator. 


MAINTAINING THE ELECTRICAL SYSTEM 219 


Fig. 11-12. The charge indicator will show the condition of the electrical 
system. Most modern tractors use an alternator warning light, which, if 
lit, indicates that the battery is discharging. (Courtesy International Har- 
vester Co.) 


Starter 


The starter will give long service if cleaned occasionally and 
lubricated correctly. Keep electrical connections clean and tight. 

It is important to remember that if an engine starts and then 
stops, wait for the starting motor to stop tuming before tuming the 
key switch to the START position again. DO NOT use the starting 
motor for more than 30 seconds without stopping. Wait three min- 
utes between starts so the batteries can charge and the starting 
motor can cool. 

One tractor manufacturer uses a small “pony” engine to start 
its diesel engine, thereby eliminating the strain put on an electric 
svstem when cranking a large diesel engine in cold weather. 
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Fig. 11-13. Cleaning the cranking motor commutator with No. 00 sandpaper. 
Blow dust out after cleaning. (Courtesy International Harvester Co.) 


QUESTIONS 


l. What maintenance jobs on the electrical system should be 

done by the tractor operator? 

What regular maintenance does the battery require? 

How can the battery be protected from freezing? 

4. Why should the battery be secured so that it cannot bounce 
around in the battery carrier? 

9. Why should flames and sparks be kept away from the battery 
openings? 

6. Why should the generator be oiled sparingly? 


e rt 


LE 
12. 
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What effect does the temperature of the electrolyte have on 
the specific gravity reading? 

Why is it important to keep the liquid level up in a battery? 
What are the differences between an alternator and a gen- 
erator? 

Why should a generator be polarized after any service work 
is done on it? 

Why is it important to never polarize an alternator? 

Why is it important not to crank a starting motor for more than 
30 seconds at a time? 


CHAPTER 12 


MAINTAINING THE HYDRAULIC SYSTEM 


The hydraulic system of a modern tractor enables the oper- 
ator to operate mounted or pull-type implements quickly and 
easily. With a weight transfer attachment, the hydraulic system 
aids in improving traction by transferring weight from trailing 
implements and the front of the tractor to the drive wheels. 


Fig. 12-1. A typical hydraulic system on a medium sized tractor: 


A. Pressure Filter H. Hydraulic Pump Motor 
B. Double Acting Cylinder J. Oil Cooler Valve 

C. Remote Valve K. Relief Valve 

D. Ramshaft L. Combining Valve 

E. Ram Cylinder M. Selector Valve 

F. Oil Cooler N. Lubricant Lines 

G. Suction Strainer 


(Courtesy J. I. Case Co.) 
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Power steering, power brakes and power shifting are parts 
of the hydraulic system on some tractors. Other devices in the 
hydraulic system are two or more pumps, one or more hydraulic 
oil filters, an oil cooler, control valves, an accumulator and hy- 
draulic cylinders with hoses, pipes or tubes and couplings. 

The operator should read the instructions in the Operator's 
Manual and follow them carefully. There are many differences in 
the design and operation of hydraulic systems on different makes 
of tractors. Improper operation and servicing can cause premature 
damage and failure of seals and other parts. 


Practically all late model tractors have a transmission-hy- 
draulic system with the power train lubricated with hydraulic 
oil rather than the gear oil used in older model tractors. In the 
new tractors, the transmission, differential and final drive operate 
in a bath of hydraulic oil. 


Fig. 12-2. A cutaway of a large 470 brake horsepower turbocharged and af- 
tercooled diesel tractor, showing the hydraulic system, as well as the 
D transmission and drivetrain. (Courtesy Versatile Manufacturing 

o. 
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The maintenance of the hydraulic system is very similar for 


older tractors with a separate hydraulic system and late models 
with a transmission-hydraulic system. 


MAINTENANCE 


l. 


2, 


10. 


1l. 


Change the hydraulic oil filter after the first 20 to 50 hours in a 
new tractor. 7 

After the first hydraulic oil filter change at 20 to 50 hours, 
change the filter as needed if the tractor is equipped with a 
hydraulic filter warning system, or every 250 hours if there is 
no warning light. 


. Check the hydraulic oil level periodically, at least every 200 


hours, after the tractor is broken in. 


. Drain and refill the hydraulic system at the intervals recom- 


mended by the manufacturer, generally every 1000 hours. 


. If the transmission has a breather, remove it, clean it in diesel 


fuel and reinstall it. 


. Do everything possible to keep dust and dirt out of the system. 


Dirt is the worst enemy of the hydraulic system because of the 
damage it can do to pump parts and seals. 


. Take care to keep couplings clean when connecting remote 


cylinders. 


. Keep dust caps and dust plugs on all hydraulic cylinder cou- 


plings to help protect them from dirt and grit when couplings 
are disconnected. 


. Keep hydraulic oil containers absolutely clean, and use ex- 


treme care when adding or refilling oil so that no dirt can get 
into the system from around the filter cap, from funnels or 
from dust in the air. 

Keep the hydraulic oil cooler clean to help prevent overheat- 
ing of the hydraulic oil. If the hydraulic oil has been over- 
heated, check with the tractor dealer. It may be advisable to 
drain and refill the system with new hydraulic oil and change 
the filter. i 

Operate the hydraulic units on the tractor correctly and care- 
fully. 
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Fig. 12-3. Pump pistons scored by contaminated fluid. (Courtesy John 
Deere, Moline, Ill.) 


12. Always use the hydraulic oil recommended by the manufac- 
turer. The wrong oil in the system can damage seals and lead 
to premature failure of parts of the hydraulic svstem. 


Hydraulic Oil 


The experience of tractor manufacturers indicates that most 
hydraulic problems come about because of the use of the wrong 
hydraulic oil or the use of one containing dirt and other con- 
taminants. 

It is extremely important to use the hydraulic oil recom- 
mended by the manufacturer. Most systems are designed to use 
a highly refined petroleum oil containing specific additives. 

The hydraulic oil must transmit power, lubricate all moving 
parts, protect the metal parts of the system from rust and cor- 
rosion, resist oxidation and foaming and separate itself readily 
from air, water and other contaminants. The oil must also be 
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stable over a long period of time and maintain the proper vis- 
cosity through a wide range of temperatures. 

In order to have all these properties, various additives are 
incorporated into the oil. Viscosity index improver is added so 
that viscosity change over a wide range of temperatures is as 
little as practical. 

An “extreme pressure" additive is often blended with the 
hydraulic oil for late model tractors when the hydraulic oi] must 
lubricate the transmission, differential and final drive. This addi- 
tive helps in the lubrication of close-fitting parts operating under 
high pressures and temperatures to prevent galling, scoring, sei- 
zure and wear. 

An oxidation inhibitor is added to reduce the oxidation of 
the hydraulic oil as it is exposed to air in the system. Oxidation 
can form harmful contaminants, such as acids and sludge. Chang- 
ing hydraulic filters regularly, changing hydraulic oil as recom- 
mended and keeping the oil cooler clean will assist in reducing 
oxidation and sludge formation in the system. 

Rust and corrosion inhibitors are included to neutralize 
corrosion-forming acids and to cling to metal parts to protect them 
from rusting and corrosion. Rusting causes tight-fitting parts to be- 
come larger, while corrosion tends to eat away the metal, leaving 
rough spots which damage seals and releasing minute metal parti- 
cles to circulate through the system to cause premature wear and 
failure. 

Foam inhibitors help the hydraulic oil dissolve air bubbles 
and reduce foaming which can cause unsatisfactory operation 
and poor lubrication. 

The additives in the hydraulic oil help hold contaminants in 
suspension and protect the system but will eventually lose their 
effectiveness after a certain period of time. The hydraulic oil 
must be drained while the contaminants are still in suspension 
and the additives are still protecting the system. The oil change 
interval recommended by the manufacturer indicates the maxi- 
mum number of hours of operation that the hydraulic oil can be 
expected to maintain its ability to protect the system. 
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Maintaining Fluid Level 

The proper fluid level should be maintained in the system to 
get the maximum extension and to prevent damage. The pump 
and valves are lubricated by the hydraulic system and can be 
damaged if the fluid gets low. Wipe the filler plug clean before 
removing it. Always use clean containers for hydraulic fluid. 
Canned oil is easier to keep clean, if the cans are wiped before 
opening. 


Changing Filters 


Even with careful maintenance some contaminants will ac- 
cumulate in the hydraulic system. The filter or filters remove 


Seal Ring Element Bypass valve Cover gasket . 
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Fig. 12-4. A hydraulic system fluid filter disassembled. (Courtesy Interna- 
tional Harvester Co.) 


contaminants as the oil circulates but the filter must be changed 
before it has absorbed all the dirt and contaminants it can hold 
and stops working. The filter change interval recommended by 
the manufacturer indicates the hours of operation the filter will 
protect the system under normal conditions. The filter should be 
changed more often under abnormally dusty conditions or high- 
temperature operation. 
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Changing Hydraulic System Oil 


Recommendations vary some between makes of tractors, but 
the hydraulic oil should usually be drained at least once a year. 
The hours of operation will vary from 600 to 1000 or 1200 hours 
with different manufacturers. Regular drainage of the entire hy- 
draulic system is extremely important to remove products of oxida- 
tion, such as acids and sludge, water which tends to accumulate in 
the system, minute metal particles and other contaminants. Drain 


Fig. 12-5. Installing the hydraulic system filter. (Courtesy International Har- 
vester Co.) 
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Fig. 12-6. A modern tractor with full hydraulics. (Courtesy John Deere, 
Moline, Ill.) 


the system when the hydraulic oil is warm, and more of the con- 
taminants will be removed. 


F lushing 


If the drained oil has sediment and sludge in it, the hydraulic 
system should be flushed before refilling. Follow the manufac- 
turer's recommendation carefully, or have this done at the dealer's 
service department. Probably the only safe flushing agent to use 
is the hydraulic oil regularly used in the system. Change the filter, 
and fill the system with the recommended hydraulic oil and 
operate the equipment to cycle the oil through the system until 
the hydraulic equipment operates satisfactorily. This may take 
several hours. Drain the flushing oil, replace the filter or filters 
and refill with the recommended hydraulic oil. 
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Fig. 12-7. Keep the oil clean. (Courtesy John Deere, Moline, Ill.) 


If the hydraulic equipment does not operate correctly, there 
are probably gum and lacquer deposits present, and the system 
will have to be taken apart and cleaned manually. This should 
probably be done by the tractor dealer service department and 
certainly only by a qualified mechanic. Regular draining and ser- 
vicing of the hydraulic system should reduce the formation of 
gum and lacquer. 

A magnetic drain plug is ordinarily used in hydraulic systems. 
The plug collects small particles of metal and keeps them from 
circulating in the system. The drain plug should be thoroughly 
cleaned before it is replaced. 


Bleeding the Brake and Steering Systems 


Tractors with power shift transmissions will normally have 
the transmission, auxiliary hydraulic system, steering and brakes 
operating off the same system. After the filters and hydraulic oil 
are changed, the steering and brakes will generally need to be 
bled to remove any air in the system. 

To remove air from the steering and brake systems, consult 
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your Operator's Manual. In general, to remove air from the steer- 


ing system: 

1. Make sure the fittings on all hoses and tubes are tight. 

2. Start the engine and run it at 800—1200 rpm, depending on 
the manufacturer s recommendations. 

3. Rotate the steering wheel all the way to the right and left 
several times. 

4. Hold against the relief valve at the end of each stroke for 
approximately 10 seconds. 

9. Check to see that the system operates freely and smoothly 
through the full range of operation. 

6. Shut down the engine and check for leaks. If there are any 
leaks, retighten the fittings and repeat the procedure until 
no leaks are observed. 

In general, to remove air from the brake system: 

1. Start the engine and operate it at approximately 1500 rpm. 

2. Push the brake pedals to see if they feel soft, which indi- 
cates that air must be removed, 

3. Attach a rubber tube to the air bleed screw and open it 
until fluid flows out free of air bubbles. 

4. Slowly push the pedal all the way down and close the air 
bleed screw. Slowly release the brake pedal. 

5. Repeat the procedure for the other brake. 

6. With the engine shut off, apply both brakes and check for 


manual braking. If there is no manual braking, repeat the 
procedure until there is. 


NOTE: When bleeding the brakes, make sure the parking 
brake is applied and the transmission is in neutral. 


Operation 


The hydraulic system can be hooked-up, on most tractors, to 
operate a variety of different implements. They may be front- 
mounted, rear-mounted or a combination of the two. The operator 
will need to consult the Operator's Manual in order to understand 
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how to hook-up the system and set the controls for the different 
possible operations. 

The hydraulic pump on some older tractors with a separate 
hydraulic system can be disengaged when the system is not 
in use. On some late model tractors the hydraulic pump can be 
shut off as an aid to starting in cold weather. 

On most tractors there is an adjustment for increasing or 
decreasing the speed of lifting or dropping implements, As a 
general rule, the heavier implements should be lifted more slowly 
to avoid undue strain on the system. 


Moline, Ill.) 


Never overload the system. Some implements have auxiliary 
springs to assist in lifting. These should be adjusted to take as 
much load off the system as possible. 


Remote Cylinders 

Remote cylinders may be single acting or double acting de- 
pending upon their construction and method of attachment. It is 
usually best to attach the cylinder to the implement so that the 
heaviest load is on the cylinder when it is extending, because 
more piston surface is exposed to the hydraulic pressure. Stops are 
provided on the piston rod to adjust the length of stroke to the 
requirements of the implement. Clamp the stop securely so it does 
not work and damage the piston rod. 


E & 
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Fig. 12-9. Four remote control levers on the console, each of which controls 
a remote cylinder or another attachment connected to one of the remote 
couplings at the rear of the tractor. (Courtesy J. I. Case Co.) 


Fig. 12-10. Connecting the break-away coupling. Wipe the coupling clean 
before making the connection. Keep dust caps in place when the remote 
cylinder is not being used. (Courtesy Ford Tractor Operations) 


2 AMENS 

Fig. 12-11. A large four-wheel drive tractor that has an articulated and oscil- 

lating frame with a Category III quick attach three-point hitch, available 
with an optional fifth hydraulic valve. (Courtesy Steiger Tractor, Inc.) 
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Fig. 12-12. Adjusting the stop lever to control length of stroke. Is this cylin- 

der single acting or double acting? (Courtesy International Harvester 
(o) 
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Fig. 12-13. The hydraulic system of a typical tractor. Note the location of the 
filter element. The transmission and final drive are lubricated by the 
hydraulic fluid. (Courtesy International Harvester Co.) 
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Fig. 12-14. The hydraulic system on a modern farm tractor makes it very 
useful around the farmstead. (Courtesy Massey-Ferguson, Inc.) 
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Fig. 12-15. A cutaway showing the "Power Priority" hydraulic system, which 
senses load demand and delivers just enough flow and pressure to meet 
the specific demand. (Courtesy International Harvester Co.) 


Keep dust caps on lines and fittings when they are not con- 
nected. Most systems have break-a-way and quick-disconnect fit- 
tings to speed attachment, to conserve hydraulic fluid and to help 
keep out dirt. Some fluid will be present on the fittings and this 
fluid will collect dust. The fittings should always be wiped clean 
before hoses are attached. 

Extra fluid will usually be needed in the system to replace 
that pumped into the cylinder when an empty remote cylinder 
is attached. 


QUESTIONS 


Why should dirt be kept out of the hydraulic system? 

2. Why is correct operation and servicing so important when 
working with the hydraulic system? 

3. When should the adjustment be made to change the speed 

at which implements may be raised? 
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What damage may occur if the system is operated when the 
liquid level is low? 

Why should the hydraulic system be drained and refilled 
at least once a year? 

Check an Operators Manual to see how often the hydraulic 
system filter should be changed. 

What is the purpose of auxiliary lifting springs on some 
implements? 


. What is the proper way to air-bleed the steering svstem? 
. How would the brake system be bled to remove any trapped 


air? 
What important check must be made of the brake system after 
air-bleeding? 


CHAPTER 13 


MAINTAINING THE : 
POWER TRANSMISSION SYSTEM 


, 


The power transmission system is made up of the clutch, 
transmission, differential and final drive. 
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Fig. 13-1. The power transmission system. (Courtesy International Harvester 
Co.) 
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Clutch 


Clutch troubles are not uncommon and are usually due to 
misuse or abuse, neglect or normal wear without proper adjust- 
ment. Correct lubrication is essential. Too much lubricant causes 
trouble and too little allows unnecessary wear and expense. 

A common form of abuse is the habit of keeping the foot on 
the clutch pedal, or “riding” the clutch. This causes the clutch to 
slip, heat and wear. Excessive slipping of the clutch because of 
failure to engage it quickly will cause wear. 


Fig. 13-2. Don't “ride” the clutch pedal. (Courtesy Massey-Ferguson, Inc.) 


When difficulty is experienced in shifting gears without clash- 
ing, the clutch probably needs adjusting. Changes in the action of 
the clutch are so gradual it is often difficult to notice that an ad- 
justment is needed unless you drive another tractor of the same 
make and age with a clutch that is in adjustment. Follow the in- 
structions in the Operator's Manual in making this important ad- 
justment. Adjust the clutch at the first sign of difficulty in shifting. 
A slipping clutch will burn out quickly. 
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Fig. 13-3. Adjusting the clutch on an older tractor. (Courtesy John Deere, 
Moline, Ill.) 


There are few moving parts in a clutch, but these few parts 
require lubrication. Some are packed with grease and sealed and 


need lubrication only when the clutch is repaired. On some 


FLYWHEEL DISK PLATE SPRING COVER 


T 
WHEELS 
—MÓ 


o 
CLUTCH PEDAL 
<a PEDAL Ar UP 
DOWN 


SHAFT 
TURNING 


T 
NOT TURNING 


FLYWHEEL DISK AND PLATE 
DISK AND PLATE 
DOENGAGEB CONTACT FLYWHEEL 
CLUTCH DISENGAGED CLUTCH ENGAGED 
Fig. 13-4. A diagram of the basic operation ofa clutch. (Courtesy John Deere, 
Moline, Ill.) 


249 TRACTOR AND SMALL ENGINE MAINTENANCE 


clutches, the throw-out bearing is lubricated with a grease fitting 
which must be lined up with an opening in the clutch housing. 
The main precaution in lubricating this bearing is not to overlubri- 
cate. Excess grease will get on the clutch facing and cause slip- 
page. 

Hydraulic clutches and hydrostatic transmissions and their 
maintenance are discussed earlier in this book. Refer to Chapter 1 
for a review of their operation and maintenance procedures. 


Transmission, Differential and Final Drive 


The service necessary for these gear cases on older tractors 
without a combination transmission-hydraulic system is to main- 
tain the lubricant level and drain, flush and refill at least once a 
year. 

There is a tendency for the operator not to change the lubri- 
cant for several years because of the cost of the several gallons 


Bie 13:5. A modern synchromesh transmission that permits “on-the-go” 
clash-free shifting with light loads. (Courtesy Ford Tractor Operations) 
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Fig. 13-6. Removing the transmission hydraulic system oil filter element. 
(Courtesy John Deere, Moline, Ill.) 


needed and because he or she has operated older tractors in this 
way without serious trouble. It is well to keep in mind that the 
modern tractor is more powerful than older tractors and requires 
better lubrication, which is supplied by the modern extreme pres- 
sure transmission oil. This improved transmission oil contains ad- 
ditives to enable it to do the job, and the additives cannot last in- 
definitely. The oil should be changed regularly in order to keep 
the gears and bearings supplied with good, clean lubricant. Con- 
taminants such as fine dust, rust particles, moisture from condensa- 
tion and small metal particles will accumulate, and the only way to 
remove them is to drain the oil. Most manufacturers recommend 
changing the oil once a vear or every 1000 hours. Under no cir- 
cumstances should the oil be left in a modern tractor for over three 


years. 
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Fig. 13-7. Magnetic material, gear teeth chips which have collected in the 
tractor transmission case. (Courtesy American Oil Co.) 


Drain, Flush and Refill 
Procedure 


1. Have the tractor and gear cases thoroughly warmed up. 

2. Drain the transmission, differential and final drive while still 
hot. 

3. Replace drain plugs and fill with kerosene or furnace oil. 

4. Either drive the tractor around a few minutes or jack up one 

rear wheel and run the tractor a few minutes in low gear. 

- Drain the flushing oil thoroughly. 

6. Replace drain plugs and refill with the recommended weight 
of transmission oil. 


OU 


The procedure just outlined applies to tractors using trans- 
mission lubricant in the gear cases. 

In most modern tractors the transmission, differential, plane- 
tary gears and final drive are lubricated by the hydraulic fluid. 


Fig. 13-8. A cutaway of a modern farm tractor transmission and drivetrain. 
(Courtesy John Deere, Moline, Ill.) 


Oil Co.) 
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Changing the hydraulic filter regularly and draining and refilling 
the hydraulic system with the recommended fluid should remove 
most of the contaminants and maintain the system in good condi- 
tion. 


QUESTIONS 


l. What major assemblies are included in the power trans- 
mission system? 

2. What is the function of the clutch, the transmission, the 

differential and the final drive? 

What is meant by the term “riding the clutch"? 

Why should the clutch be engaged quickly? 

What indicates the need for adjustment of the clutch? 

Why is it more important to change the transmission oil 

regularly on a late model tractor than it is on a ten year old 

model? 

7. Why should the transmission oil be changed? 


D gue c 


CHAPTER 14 


MAINTAINING THE CHASSIS 


The chassis of the tractor may be considered to be that part 
of the tractor neither engine nor transmission. It includes the 
frame, wheels, brakes, steering mechanism and tires. 

The maintenance of the chassis consists of regular lubrica- 
tion and an occasional adjustment. Because of differences in design 
between makes of tractors, the Operator's Manual will need to be 
checked for specific procedures and for the periods when lubrica- 
tion is needed. 


Steering Gear 

The steering mechanism usually needs little servicing other 
than thorough lubrication and an occasional adjustment. Neglect 
of the system, however, will cause unnecessary wear, hard steering 
and costly repairs. 

Power steering is common on the larger tractors and is essen- 
tially a part of the hydraulic system. Most of the parts are lubri- 
cated by the hydraulic fluid and little adjustment is needed. 


Procedure — Manual Steering 
]. Check and refill gear housing at recommended intervals. 
a. Remove grill, if necessary, and housing cover or fill plug. 
b. Refill to recommended level with correct lubricant. Do not 

overfill as the excess will run out. 
. Check for play or backlash in the steering gears. 
3. Adjust gears according to directions in the Operator s Manual. 
(This will be necessary only after several years’ use.) 
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4. Lubricate the lower pedestal bearing at recommended inter- 
vals. 


5. On wide front ends, lubricate tie rod ends, steering knuckles, 
axle pivots, and king-pins. 


A: Oil Level Should! p, 
i | l Be Just Up to P 
Bottom of Gear| 


Fig. 14-2. The steering gear oil level (for manual steering) from an older 
model tractor. (Courtesy John Deere, Moline, Ill.) 
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Fig. 14-3. One major manufacturer of four-wheel drive tractors does not use 
articulated steering, but offers a solid state selective rear wheel steering 


mode selector switch in addition to the normal steering wheel. (Cour- 
tesy J. I. Case Co.) 


Fig. 14-4. The selector switch (Fig. 14-3) allows the operator the option of 
front-wheel steering, rear-wheel steering, four-wheel steering and crab 
steering. (Courtesy J. I. Case Co.) 


Fig. 14-5. A rear wheel position indicator, which tells the operator the posi- 
tion of the rear wheels in 4-degree increments when turning or using 
crab steering. (Courtesy J. I. Case Co.) 


Fig. 14-6. Greasing front wheel bearings is a commonly neglected service. 
These bearings rusted out because they were not greased. (Courtesy 
American Oil Co.) 
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Procedure — Power Steering 
l. Drain and refill power steering reservoir at recommended in- 
tervals. (Consult the dealer for the correct fluid.) 
2. Lubricate lower pedestal bearing. 
3. On wide front ends, lubricate tie rod ends, steering knuckles, 
axle pivots and king-pins. 


Front Wheels 


The front wheel bearings should be cleaned and repacked 
once a year or every 1000 hours of operation. Some wheel bearings 
may need to be greased as often as every 10 hours; the Operator's 
Manual should be checked so the correct service interval is used. 

A pressure gun fitting on the hub cap does not indicate that 
the bearings can be lubricated with a pressure gun. The fitting is 
placed there so that gun grease can be used if the tractor has been 
run through water or deep mud. Grease the wheels every 10 


A-37715A 


Fig. 14-7. A wheel removed for cleaning and greasing. (Courtesy Interna- 
tional Harvester Co.) 
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hours until they can be removed, cleaned and repacked with 
wheel bearing grease. 


Adjust and Repack Front Wheels 


Procedure 


l. Jack up the front of the tractor and block it up. 

2. Remove the hub cap. , 

3. Remove the cotter pin, lock nut, washer, bearing cone and 
bearing. 

4. Remove the wheel. 

5. Remove the inner bearing, dust seal and retainer. 

a. Ifthe retainer is seated tightly, it may be necessary to drive 
out the inner cup in order to remove the seal retainer and 
bearing. Do this bv inserting a long punch from the hub 
cap end of the hub. There are two notches on opposite 
sides of the hub that will permit the punch to just rest on 
the edge of the inner cup. Drive the cup out by pounding 
first on one side and then the other so the cup does not 
become wedged in the hub. Be careful to keep the punch 
from striking the bearing shell. 


Fig. 14-8. Disassembly of a front wheel. (Courtesy Massey-Ferguson, Inc.) 
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6. Wash the bearings and the hub in a safe solvent (not gasoline). 
Shake the bearings dry or use compressed air, but do not allow 
the bearings to spin, as this will damage them. 

7. Inspect the bearings and the cup. If either is worn, replace 
both the bearing and the cup. 

8. Pack the bearings. 

a. Use a lithium base bearing grease. Some operators find a 
multi-purpose grease satisfactory. 

b. Place grease in the palm of the hand and work the grease 
into the bearing until all spaces between the rollers are 
filled. 

c. Wrap the bearing in clean paper until ready to install. This 
will protect it from dust and dirt. 

9. Examine the grease seals and grease retainer. Replace them if 
wom. 

10. Replace the inner cup by driving it into the hub with a small 
punch and hammer. Be sure the thick portion of the cup is 
toward the inside of the hub. Do not scratch the bearing sur- 
face with the punch. 


Note—Do not fill the hub with grease. The grease packed in the bearing 
will give sufficient lubrication until the bearing is repacked. 


11. Replace the bearings, seal retainer and seals. 
12. Replace the wheel. 
13. Adjust the wheel bearings. 

à. Draw the adjusting nut up tight, then back it off one full 
castellation, or notch, plus any additional amount necessary 
to insert the cotter pin. 

b. Some manufacturers recommend tightening the nut to 35 to 
60 foot-pounds; be sure to check the Operator's Manual. 

14. Fill the hub cap with grease and install the hub cap. 


Note—When a front mounted loader is used, the bearings may need to 
be adjusted tighter than this. Consult your dealer for the correct adjustment. 


Rear Wheel Bearings 


Rear wheel bearings are often lubricated by the lubricant in 
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the final drive or differential case and require no further lubrica- 
tion. 
You will need to lubricate some bearings periodically bv re- 
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Fig. 14-9. Parts of the front wheel and hub. (Courtesy Allis-Chalmers Corp.) 


ADJUSTING NUT 


17 
Fig. 14-10. Adjusting the front wheel bearing. (Courtesy John Deere, 
Moline, III.) 
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moving a small pipe plug and inserting a pressure gun fitting and 
pumping in a prescribed number of strokes of pressure gun grease. 
Follow the directions in the Operators Manual for servicing this 
type of rear wheel bearing. 


Tires 


Correct inflation is the most important factor in reducing tire 
wear and damage. When tires are inflated to the correct pressure, 
they: 


l. Grip the ground, resulting in better traction. 

2. Do not have valve stem problems due to slipping on the 
rim. 

3. Provide flotation for soft ground. 

4. Do not have side flex problems under heavy loads. 

5. Increase tire life by 25 percent or more. 


Underinflation permits the tires to flex too much, causing 
breaking of the sidewalls, uneven wear of tread and overheating. 

Overinflation reduces traction, increases slippage, causes un- 
even tread wear and makes the tires susceptible to easy bruising. 

Inspect the tires weekly, keep them inflated and check for 
cuts and bruises. When adding air to a tire, only put in a small 


Fig. 14-11. Careless driving shortens tire life. (Courtesy John Deere, Moline, 
Ill.) 
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Fig. 14-12. Proper tire inflation is very important. (Courtesy John Deere, 
Moline, Ill.) 


amount at a time and recheck the pressure. Have the tire repaired 
when damage is found. 

DO NOT inflate tires beyond their maximum pressure rating. 
This rating is generally printed on the side of each tire, along with 
the tire size and ply rating. Tire pressure should be the same for 
like tires on a tractor, except during plowing, when the furrow 
wheel pressure should be increased by about 4 pounds to compen- 
sate for the extra weight caused by the tractor being tilted toward 
the furrow. If an on-land hitch is used, the pressure should be the 
same for all like size tires. 

General recommendations for tire pressure are found in Fig. 
14-13. 

If a tractor is to be out of service for an extended period of 
time, it should be blocked up to take weight off the tires. If oil, 
gasoline, diesel fuel or similar materials are spilled on a tire, it 
should be cleaned immediately to prevent tire deterioration. 
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TIRE SIZE PRESSURE 


11.00-16 — 6/8-Ply 
14L-16.1 — 6-Ply 
16.5L-16.1 — 6-Ply 
18.4-16.1 — 6-Ply 


18.4-38 — 8-Ply 
18.4-38 — 10-Ply 
18.4-38 — 12-Ply 
20.8-38 — 8-Ply 
20.8-38 — 10-Ply 
23.1-34 — 10-Ply 
24.5-32 — 10-Ply 
30.4-32 — 10-Ply 
30.5-32 — 12-Ply 


Fig. 14-13. Recommended pressure for common size tractor tires. (Courtesy 
Massey-Ferguson, Inc.) 


Tractor Ballast 


Most modern farm tractors are designed to operate the most 
efficiently and economically at their rated horsepower output and 
a ground speed of 5 to 8 miles per hour. In order to maximize a 
tractor’s potential, it is generally recommended that tire slippage 
be 6 to 10 percent in hard soil and 10 to 15 percent in loose soil. If 
slippage exceeds these limits, it is generally desirable to add 
weight, either as metal ballast weights or as liquid ballast. 

When liquid ballast is added the tires may be filled about 
three-fourths full with water to increase their wei ght and add more 
traction as needed. A calcium chloride and water solution should 
be used in the winter where a freezing problem exists. Dealers are 
equipped to mix and add the solution to the tires. A special valve 
is needed to permit the air to escape from the tire while the solu- 
tion is being added. A special tire gauge is needed to test air pres- 
sure in fluid-filled tires. 

A combination of liquid and metal ballast is generally the 


Fig. 14-14. On this tractor the engine is mounted forward of the front axle, 
giving a weight distribution of 54 percent on the front wheels and 46 
percent on the back wheels. This eliminates the need for front end 
weights. (Courtesy International Harvester Co.) 
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Fig. 14-15. Note the front end and rear wheel weights on this 72 PTO horse- 
power tractor. (Courtesy Ford Tractor Operations) 


Fig. 14-16. Too much drive wheel ballast, 1, the right amount of ballast, 2, 
and too little ballast, 3. (Courtesy Massey-Ferguson, Inc.) 


Tire 
Size 


3-1/2 Lbs. Calcium Chloride 
Per Gallon Water 
(Slush Free to -12° F. 
Freezes Solid at -52° F.) 


5 Lbs. Calcium Chloride 
Per Gallon Water 
(Slush Free to -52° F. 
Freezes Solid at -62° F.) 


18.6 Gals. Water 
248 Lbs. Total 


Water Only 
(Freezes Solid at 32° F.) 


23 Gals. Water 
192 Lbs. Total 
27 Gals. Water 


225 Lbs. Total 


49 Gals. Water 
409 Lbs. Total 


42 Gals. Water 
346 Lbs. Total 


20 Gals. Water 
237 Lbs. Total 


24 Gals. Water 
284 Lbs. Total 


42 Gals. Water 
497 Lbs. Total 


36 Gals. Water 
421 Lbs. Total 


14L-16.1 
18.4-16.1 
16.5L-16.1 


22 Gals. Water 

293 Lbs. Total 

39 Gals. Water 

520 Lbs. Total 

i 33 Gals. Water 
446 Lbs. Total 


89 Gals. Water 
1187 Lbs. Total 


114 Gals. Water 
1521 Lbs. Total 


128 Gals. Water 
1708 Lbs. Total 


138 Gals. Water 
1841 Lbs. Total 


175 Gals. Water 
2335 Lbs. Total 


110 Gals. Water 
917 Lbs. Total 


140 Gals. Water 
1168 Lbs. Total 


159 Gals. Water 
1326 Lbs. Total 


170 Gals. Water 
1418 Lbs. Total 


217 Gals. Water 
1810 Lbs. Total 


94 Gals. Water 
1113 Lbs. Total 


120 Gals. Water 
1420 Lbs. Total 


136 Gals. Water 
1610 Lbs. Total 


146 Gals. Water 
1729 Lbs. Total 


186 Gals. Water 
2211 Lbs. Total 


Fig. 14-17. Liquid weight per tire (75 percent filled). (Courtesy Massey- 
Ferguson, Inc.) 
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most efficient, because the metal weights can be removed or 
added as field conditions dictate. 

Too much rear wheel ballast will leave distinct tread marks in 
the soil. This results in reduced available drawbar horsepower, 
unnecessary soil compaction, overloaded tires and possible short- 
ened gear train life. 

Too little rear wheel ballast results in erased tread marks in 
the soil, caused by excessive slippage. This reduces available 
horsepower and causes excessive tire wear. ' 

About 25 to 30 percent of the tractor's weight should be on the 
front wheels for good steering under normal conditions. However, 
when three-point hitch equipment is being carried or operated, 10 
to 15 percent of the weight of the tractor is generally on the front 
wheels; therefore, ballast should be added accordingly. 


NOTE: The tractor weight with the ballast must not be more 
than the maximum listed by the manufacturer. 


For most operations in which liquid ballast is needed, install 
the liquid ballast in the front tires only. If the tractor is used for 
road transportation, it is best not to put liquid ballast in the front 
tires. When dual wheels are used, install liquid ballast in the in- 
side tires only. When the soil conditions or terrain dictates that the 
tractor operate at speeds below 4 to 5 miles per hour, ballasting 
should not exceed that which is required for the 4 to 5 mile-per- 
hour speed. If excessive wheel slippage occurs at the slower 
speed, the implement size or soil penetration should be reduced to 
give acceptable ground travel without excessive wheel slip. 


Dual and Triple Wheels 


Larger farm tractors are generally designed so the operator 
can attach dual rear wheels, and sometimes triples, for better trac- 
tion and flotation in soft soil conditions. Using duals is generally 
cheaper than buying large single tires which would give the same 
soil contact area. Duals also reduce the amount of additional bal- 
last necessary for extra traction when operating under adverse 


conditions. 
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Fig. 14-18. A large four-wheel drive tractor producing 470 brake horsepower, 
with a set of triple tires mounted all around for more traction and flota- 
tion. (Courtesy Versatile Manufacturing Co.) 
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Fig. 14-19. A large two-wheel drive tractor with a turbocharged, innercooled 
diesel engine producing 180 FTO horsepower, equipped with flotation 
tires on the front and duals on the rear for better traction and flotation. 
(Courtesy J. I. Case Co.) 
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The addition of duals or triples will increase the load carrying 
capacity of the tractor. However, the total weight must not exceed 
the recommended load limits for the tires or the tractor. If liquid 
ballast is to be added, it should only be placed in the inside tire of 
a set of duals or triples. Metal ballast is generally not recom- 
mended when a tractor is equipped with duals or triples. 

Tires which are used for duals or triples should be the same 
diameter and circumference. If a smaller tire must be used, place 
it on the outside of a set of duals or triples and make sure its cir- 
cumference does not vary more than 2 inches from the inside tires. 
Varying tire size can cause excessive slippage, axle breakage, dif- 
ficult steering and other problems. Tires on a four-wheel drive 
tractor should all be of the same size. 

The inside tires on a set of duals or triples should be filled 
with the recommended air pressure to keep them on the ground 
for good steering and traction. The outside tires should be filled 
with approximately 4 pounds per square inch less air pressure, but 
never less than 12 pounds per square inch, to get good flotation. 

Adding duals or triples can cause increased strain on hous- 
ings, axles and drive trains, and is not recommended on some trac- 
tor models. Check the manufacturer's recommendations on the use 
of duals or triples before installing them on a tractor, to prevent 
excessive strain and breakage. 


Front and Rear Wheel Adjustments 


There is a variety of ways that rear wheel spacing can be ad- 
justed on modern farm tractors. The wheels may be moved on the 
axles; they may be rotated from one side of a tractor to the other; 
they may have the concaves facing outward or inward; they may be 
moved from one bead to another on double bead rims; and they 
may be moved inward or outward along a master rail. With dual 
wheels, both wheels can be moved on long axles; wheels can have 
both concaves facing inward or outward; the inside wheel can face 
inward with the outside wheel facing outward; and spacers can be 
used to attach steel wheels to cast wheels. 

When adjusting rear wheel spacing, you must remove all 
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Fig. 14-20. A tractor equipped with a master rail for adjusting the rear wheel 
spacing: 


l. Reposition one ramp clamp stop, 1, on the master rail at the desired 
tread width setting. 

2. Loosen the ramp clamp nuts, 2. 

3. Drive the tractor forward or rearward, applying the brake on the 
wheel opposite the one being adjusted until the ramp clamp, 3 
contacts the stop. 

4. Reposition the remaining ramp clamp stops on the master rail and 
tighten. 

9. Adjust the hub bolts, 4, to reposition the wheel hub on the axle at 
the desired position. 


? 


(Courtesy Massey-Ferguson, Inc.) 


metal ballast before removing or loosening any mounting clamps 
or wheel mounting bolts. Take care when moving wheels to obtain 
the desired spacing; the Operator’s Manual will provide the 
necessary information for making the adjustments. All nuts and 
bolts should be oiled before being retightened in the correct se- 
quence, and torqued in stages to the manufacturer’s specifications. 

If you need to change the direction of the concave side of the 
wheel (in or out), remove the tire and rim from the wheel and put 
the wheel in the reverse position. The wheels can also be rotated 
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from one side of the tractor to the other to obtain the same effect. It 
is important to have the tire tread aimed in the correct direction for 
traction and cleaning action of the lugs. Some manufacturers have 
rear wheels designed to be mounted on one side of the tractor only 
and not switched from one side to the other. 

Always consult the Operators Manual before attempting to 
adjust the rear wheels or attach duals or triples. Only specially 
trained persons with special safety tools should try to remove, re- 
pair or install a tractor tire on a rim. , 


Fig. 14-21. Spacing the front wheels on a general-purpose tractor. (Courtesy 
Deere & Company Service Publications) 
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Most modern farm tractors have wide front ends which are 
adjustable for wheel spacing. You can easily adjust the front end 
by blocking the rear wheels and lifting the front end so one or both 
front wheels are off the ground. Remove or loosen the clamps and 
bolts that hold the tie rods, and remove the locating bolts from the 
axle extensions. Slide each axle extension and tie rod to the de- 
sired tread spacing and replace the locating bolts and the tie rod 
clamps and bolts, and retighten to the manufacturer's torque 
specifications. 

The front wheels on some models can be reversed with the 
concaves outward, but this tends to put added stress on the spindle 
or hub and is not generally recommended. Consult the Operator's 
Manual for correct procedures before reversing the front wheels or 
adjusting their spacing. 

Some models have adjustable tie rods which allow the 
operator to adjust the wheels’ toe-in. ^Toe-in" means that the 
wheels point slightly in on the front or leading side. Having the 
correct toe-in reduces tire wear and makes steering much easier. 

To check toe-in, drive the tractor straight ahead for a short 
distance on level ground and stop the tractor. Measure between 
the tire centers at hub height at the front and rear of the tires. The 
front measurement should be zero to 9/16 inch less than the rear 
measurement for correct toe-in. Check the Operators Manual for 
the correct setting. 

A general procedure for adjusting front wheel toe-in is to: 


1, Loosen the jam nut on the inner end of each tie rod. 

2. Remove the clamp and bolts on the outer end of each tie 
rod. 

3. Rotate the tie rod tubes until the correct toe-in is obtained. 

4. Install and tighten the clamps and bolts on the outer ends 
of the tie rods, being sure the clamp bolts are engaged in 
the correct holes in the solid portion of the tie rods. 

9. Tighten the jam nuts. 

6. Start the tractor and drive ahead for a short distance; stop 
the tractor and remeasure. 


Remember to check the toe-in whenever the steering be- 
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Fig. 14-22. Measuring front wheel toe-in. (Courtesy Deere & Company Serv- 
ice Publications) 


comes difficult, after hitting an obstacle, after changing the wheel 
spacing and before operating the machine at the beginning of the 


season. 


Brakes 


Most modern farm tractors have two brake pedals which are 
used for stopping (both pedals) or for low speed turning (left or 
right brake pedal). Brakes that are out of adjustment or which are 
badly wom will generally have too much free pedal travel, which 
can cause uneven braking or poor braking and which can be very 
dangerous, especially at higher operating speeds. Therefore, to 
keep the machine safe, the brakes must be properly maintained. 
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There are several types of brakes in use, including mechani- 
cal (direct mechanical linkage), hydraulic (power) and hydraulic 
(trapped oil) brakes. The braking action for these three types of 
brakes can be accomplished by the use of bands (external contract- 
ing), shoes (internal expanding) or discs. 

The band brakes obtain their braking action by pulling the 
band tightly around a rotating drum. When the brake pedal is re- 
leased, a spring retracts the band so the drum can again rotate 
freely. 


Fig. 14-23. Adjusting an internal expanding shoe type brake on an older idtm 
tor. (Courtesy John. Deere, Moline, Ill.) 
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The shoe brakes obtain their action by forcing the shoe (brake 
lining) against the inside of the brake drum and slowing the drum 
or preventing it from turning. 

The disc brakes, the most common on modern farm tractors, 
obtain their braking action by forcing two actuating discs against 
two driven discs which have friction facings attached to each side. 
The driven brake discs are attached either to the differential input 
shaft or to each drive axle within the differential housing. As the 
driven brake discs are forced farther apart by the actuating discs, 
they bind against the stationary braking surfaces of the housing 
and slow the shaft or stop it from turning. 

All three types of braking action may be controlled by either 
mechanical or hydraulic action. With proper adjustment, the brake 


m 


Fig. 14-24. Adjusting a double internal cxpanding selfenergizing two shoe 
type brake on an older tractor. (Courtesy Massey-Ferguson, Inc.) 
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Fig. 14-25. A mechanical disc type brake. (Courtesy International Harvester 
Co.) 


linings will usually give several years of service unless they are 
used excessively or incorrectly. Always consult the Operator's 


Manual for proper safety and adjustment procedures before work- 
ing on the tractor’s brakes. 


WARNING—The brakes must be kept equalized by adjusting both 
pedals to the same position so that when locked together, both brakes will 
brake the same amount. If they are not equalized and are locked together, 
an attempt to make a sudden stop will throw the tractor sideways and cause 
it to overturn. This is a common cause of many fatal accidents 


The Frame 


The various sections of the tractor are usually fastened. to- 
gether with hex head cap screws or heavy bolts. These screws or 
bolts must be kept tight to prevent loss of lubricant, misalignment 
of strategic parts and costly damage. 

Go over these screws and bolts as the tractor is being serv- 
iced, and keep them tight. 


Fig. 14-26. Power disc brakes, showing their operation during a left turn. 
(Courtesy John Deere, Moline, Ill.) 


Fig. 14-27. Always latch the brake pedals together when driving on the 
highway or when driving in high gear. Be sure brakes are properly ad- 
justed. (Courtesy International Harvester Co.) 
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Fig. 14-28. Don’t oil or grease the tractor while the engine is running. (Cour- 
tesy International Harvester Co.) 


Front-Wheel Drive Assist 


Front-wheel drive assist has been used on European tractors 
for many years, but has been available on American tractors, to any 
large extent, only since the late 1970’s. It was originally designed 
to give an operator the advantages of a large four-wheel drive trac- 
tor for a much lower price. All major American two-wheel drive 
tractor manufacturers offer a front-wheel assist package on some or 
all of their tractors. 

In the past, most front-wheel assist axles were simply added 
to the basic two-wheel drive tractor, which may or may not have 
been adequately designed for the stress. Many of today’s front- 
wheel assist tractors were designed for the front-wheel assist and 
are able to incorporate greater ground clearance, shorter turning 
radius and more efficient power transfer to the front wheels. 
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Fig. 14-29. A cutaway of a center-drive front-wheel assist power unit, (Cour- 
tesy Ford Tractor Operations) 


Most front-wheel assist units are powered through a mechani- 
cal drivetrain. They operate at approximately 1 to 3 percent faster 
ground speed than the rear wheels when using the recommended 
tire size and tire inflation. The faster front wheel speed provides 
better steering control on turns and enables the front wheels to 
"drag" the tractor around corners in adverse soil and weather con- 
ditions. The speed differential means that the tires must be care- 
fully matched, and they must be disengaged when operating on a 
hard surface to prevent rapid tire wear and possible drivetrain 
failure. 

Some front-wheel assist units can be engaged on-the-go, 
while others require a complete stop before engaging. There are 
some models that have front differential locks and limited slip dif- 
ferentials, but the differential locks must be disengaged before the 
tractor can turn, and the limited slip differential normally in- 
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creases the tuming radius. To avoid possible drivetrain damage, 
the front differential should never be engaged before the rear lock 
is engaged. 


Fig. 14-30. An 86 PTO horsepower medium sized tractor with front-wheel 
assist, which has a 50 degree turning angle and a limited slip differential 
with a panel-mounted electric switch which permits shifting on-the-go. 
(Courtesy Ford Tractor Operations) ; 


Pn G 


In most cases it is best to operate a front-wheel assist continu- 
ously in the field, especially in wet or loose soil. Proper ballast is 
much more critical with front-wheel assist because 40 percent of 
the tractor’s weight must be on the front wheels and 60 percent on 
the rear wheels. If the front-wheel assist is not being used or the 
tractor is being operated on the road, the additional weight up 
front can make it harder to steer. The operator must adjust the 
front ballast much more frequently to obtain optimum tractor per- 
formance. 


The front-wheel assist must be serviced regularly, the same as 
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Fig. 14-31. An 85 horsepower tractor with a ratchet type front-wheel assist 
that automatically engages whenever rear wheel slippage exceeds 6 per- 
cent and disengages whenever slippage drops below 6 percent. (Cour- 
tesy Belarus Machinery, Inc.) 


the steering and drivetrain of a regular two-wheel drive tractor. 
Consult the Operator's Manual for the proper procedures and 
maintenance intervals. 


QUESTIONS 


. What component parts of a tractor make up the chassis? 

. What adjustments can be made on the steering mechanism? 

3. How often should front wheel bearings be cleaned and re- 
packed? 

4. What lubricant should be used when packing front wheel 

bearings? 

What adjustment is necessary on front wheel bearings? 

Why should tires be inflated to the correct pressure? 

What problems result from underinflation? Overinflation? 

Are like tires on a tractor always filled to the same pressure? 


Why? 


Soe 


SS Ot 
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. What does “tractor ballast" refer to? 

. Should a tractor tire have some slippage? Why? 

. What types of ballast can be added to a tractor? 

. What is the proper way to add ballast to a tractor? 

. When would an operator add dual or triple wheels to a tractor? 
. Are there any problems associated with adding duals or triples 


to a tractor? 


. How may rear wheel spacing be changed on a tractor? 
. What precautions should be taken when changing the rear 


wheel spacing on a tractor? 


. In general, how can front wheel spacing be changed on a trac- 


tor? 


. What is meant by the term "toe-in"? 

. In general, how can toe-in be adjusted on a tractor? 

. What are the types of brakes in use today? 

. Briefly explain the three types of braking action. 

. Why is it necessary to keep the brakes equalized for safe oper- 


ation of the tractor? 


. What maintenance is needed on the tractor frame? 
. What are the advantages and disadvantages of a front-wheel 


assist unit? 


Part Ill 


OPERATION, 
REPAIR AND STORAGE 


CHAPTER 15 


OPERATING THE TRACTOR 


See that the radiator is full of clean soft water or anti-freeze to 
protect it at the lowest expected temperature. 

See that the crankcase has sufficient clean high grade engine 
oil of the proper viscosity. 

See that the fuel tank has sufficient correct fuel. 

See that the transmission, differential and hydraulic system 
have sufficient correct type oil. 

See that all bearings are properly lubricated. 

See that all rubber tires are inflated to the proper pressure. 

Do not clean tractor or parts with gasoline, especially indoors, 
because of the fire hazard. Use a heavy fuel, or a commercial 
cleaner. 


Fig. 15-1. Your tractor will respond to careful treatment. (Courtesy John 
Deere, Moline, Ill.) 
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Keep the radiator, condenser and oil cooler fins and the out- 
side of the engine free from dirt, chaff and dust. 


Do not overload the tractor. 


Fig. 15-2. An overloaded tractor will have a short service life. (Courtesy John 
Deere, Moline, Ill.) 


Overloading 


Your tractor is designed and built to handle economically 
and efficiently all jobs within its range of power. The use of 
any tractor on loads beyond its power range results in undue 
strain on all parts, and will, if continued, result in unneces- 
sary repair expense and impaired efficiency of operation.— 
Tractor Instruction Book—John Deere, Moline, Il. 


If the wheels are frozen down, start the tractor backwards to 
break it out. Back the tractor up steep inclines to prevent upset- 
ting. 

Keep the speed of the tractor down to safe limits, especially 
on rough ground or on turns. 
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Fig. 15-3. Always drive the tractor at speeds slow enough to insure safety, 
especially over rough ground or near ditches. (Courtesy International 
Harvester Co.) 


Fig. 15-4. CAUTION: Fast driving is the cause of many accidents. Drive at a 
safe speed at all times. (Courtesy John Deere, Moline, Ill.) 


Be sure both brakes take hold at the same time on straight- 
away operation, especially at the higher speeds. 

In cold weather operations use a radiator curtain or shutter 
in addition to a thermostat. 
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Tighten all nuts and studs frequently, especially on wheel 
lugs, steering rings, and draw bar. 


Make major repairs or adjustments only on the advice of an 
expert mechanic. 


Keep all filters clean and operating at their greatest efficiency. 
Clean out the fuel sediment bulb occasionally. Drain the 
carburetor bowl occasionally. 


Keep the air-cleaner clean and functioning at its greatest 
efficiency. 


Check for and stop air leaks between the air cleaner and the 
carburetor, turbocharger and intake manifold on diesels. 


Keep a sharp lookout for fuel, oil and water leaks. 


Fig. 15-5. CAUTION: Do not stand between the tractor and the implement 


unless the shift lever is in the “park” position to hold the tractor sta- 
tionary. (Courtesy John Deere, Moline, Ill.) 


Do not back the tractor into an implement while standing be- 


tween the tractor and implement. Sit on the seat and handle the 
implement tongue with a hook. 
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IWAS STANDING BETWEEN 
THE DISK AND THE TRACTOR, 
HITCHING THEM .... THEN 
IT HAPPEN ED! 


Fig. 15-6. When hitching to an implement standing on sloping ground, be 
sure the tractor brakes are set and locked. (Courtesy International Har- 
vester Co.) 

When in doubt about a procedure or practice follow the 
manufacturer's instruction book. 

Go over the tractor during slack time and make repairs and 
adjustments. This will save expensive time later. 

Never put off making a needed repair or an adjustment until 
some more convenient time. 

Keep the spark plugs cleaned and correctly adjusted. Keep 
dust and dirt wiped from the spark plug insulators. 

Keep enough ballast on tires to prevent excessive slippage. 

Keep the magneto or distributor breaker points clean and 
properly spaced. 

Do not run V belts too tight or too loose. 

Keep valves properly adjusted. 

Always allow the engine to warm up before putting it to heavy 
or fast work. 

Be sure the clutch does not slip. 

When operating an older rubber-tired tractor at belt work, be 
sure the frame of the tractor is grounded. 

Do not engage the power take-off or belt pulley on an older 
tractor while the tractor is in motion. 
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Fig. 15-7. Always engage the clutch gently, especially when going up a hill 
or pulling out of a ditch. (Courtesy Intemational Harvester Co.) 


Fig. 15-8. Only one person, the operator, should be permitted to ride on the 
tractor when it is in operation. (Courtesy International Harvester Co.) 


Keep the crankcase breather cap cleaned and oiled. 


Do not continue to operate an engine that knocks continually. 
Check on the cause and remedy it. 
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Fig. 15-9. When more than one person attempts to ride on a tractor, someone 
is likely to get hurt. (Courtesy John Deere, Moline, Ill.) 


Fig. 15-10. If the motor overheats, allow the engine to cool off before remov- 
ing the radiator cap. When removing the cap, be extremely careful to 
avoid being scalded by steam. (Courtesy International Harvester Co.) 
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Do not use cheap, low octane fuel in a high compression en- 
gine or the wrong grade of diesel fuel. 

Always engage the clutch slowly enough to insure a smooth 
start. 


| WAS IN IT WAS JUST | 
A TEMPORARY 


Fig. 15-11. It is better to avoid an accident than to explain it. (Courtesv Na- 
tional Safety Council) 
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WORLDWIDE SYMBOLS FOR OPERATOR CONTROLS 


Symbols instead of words; that's what John Deere is using to promote worldwide identification 
of operator controls. Once standardized, they give s quick, positive message anywhere in the 
world — without translation. Study the symbols below and learn to recognize them at a glance. 


4 


AMMETER OR 
ALTERNATOR LIGHT 


TRANSMISSION 
OUSEIIBIER 


TRANSMISSION 
OiL TEMPERATURE 


ENGINE OIL PRESSURE 
eiua, 
ey 
PEN SLOV 


PRESSURIZED - 
OPEN SLOWLY 


WATER TEMPERATURE AIR FILTER 


^ 
d 


CHOKE 


«€. (EXTENDED) 


a 


waa) (RETRACTED) 


p 


m 
v 


» 


(SLOW) 
VEHICLE VEHICLE 
SPEED RANGE FORWARD REVERSE NEUTRAL REMOTE CYLINDER 
= 
=D £D 
= = 
(BRIGHT) (DIM) 


sep 


(PARK) (WORK LIGHT) 
LIGHTS 


RECIRCULATE 
CAB AIR 


FRESH AIR 
IN CAB 


CIGAR LIGHTER HEATING COOLING BLOWER FAN 


L LD, LD, D 


(LOAD AND DEPTH) (DEPTH) 


-m 


108 508 


(LOAD) 


OIL 
TYPE AND FREQUENCY 


GREASE 
FREQUENCY 


ROCKSHAF T 
LOAD AND DEPTH CUNTROL 


HORN 


Fig. 15-12. Worldwide symbols for operator controls. (Courtesy John Deere, 
Moline, Ill.) 
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Fill the fuel tank in the evening after a day's use, rather than 
in the morning. 


Remove fuel from above the bottom of a storage tank rather 
than from the bottom. 


Never operate a gasoline engine with the choke out. 


Do not pull heavy loads from any other point than the draw 
bar. 


HAND SIGNALS 


Use when noise or 
distance does not 
allow normal voice 
Communication 


SPEED IT UP — 
INCREASE SPEED 


SLOW IT DOWN - 
DECREASE SPEED LOWER EQUIPMENT COME TO ME 


MOVE TOWARD ME - 
FOLLOW ME THIS FAR TO GO MOVE OUT - TAKE OFF 


Fig. 15-13. Hand signals. (Courtesy Deere & Company Service Publications) 


Do not fill fuel tanks if there is an open flame near. 


Be sure the funnel or hose nozzle is in contact with the tank at 
all times while filling with fuel. 


Have the engine stopped while filling the tank. 


Do not ride, nor allow anyone else to ride, on the tractor 
except on the seat. 
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Fig. 15-14. A small 28 PTO horsepower tractor with a bucket loader. (Cour- 
tesy Long Mfg., N.C., Inc.) | 
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Fig. 15-15. A medium sized 86 PTO horsepower tractor with front-wheel 
assist and a bucket loader for larger loader needs. (Courtesy Ford Trac- 
tor Operations) 
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Do not pour cold water into the radiator of an overheated 
engine. 

Do not try to repair, adjust or clean out a tractor or imple- 
ment that is in motion. 

Dirt is the number one enemy of your tractor; keep it out. 

The operator has more to do with long life and satisfactory 
service of a tractor than any other one factor. Be a good operator. 

A few minutes of maintenance a day will keep an expensive 
mechanic away. 

If you are not an expert mechanic do not try to substitute for 
one. 

The manufacturer has done the best job possible; the rest is 
up to the operator. Be a good one. 

Don't take chances. Be careful — hospitals and graves are full 
of careless people. 


CHAPTER 16 


OPERATING THE TRACTOR 
J IN COLD WEATHER 


+ 


l. Use winter-grade lubricants (Lithium Grease No. 1, below 
SPA UE 

2. Use the correct viscosity engine oil for the ambient tempera- 
ture (SAE-20W, below 32°F.). 

3. On older tractors equipped with an oil bath oil cleaner, use the 
same grade oil as that used in the crankcase. 

4. Use a higher Cetane Number diesel fuel (Grade No. 2-D, 
below 32°F.); keep it clean and free of water. 


Fig. 16-1. WARNING: Braking distance will increase in conditions of mud, 
ice and snow, or whenever the traction of one wheel is less than the 
traction of the opposite wheel. (Courtesy J. I. Case Co.) 
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5. Use a winter grade transmission and hydraulic fluid. 

6. Fill the fuel tank at the end of a day’s operation to prevent 
moisture from collecting in the tank. 

7. Ifthe fuel tank has a water trap, be sure to drain it each day to 
prevent damage to the engine. 

8. Momentarily loosen the oil drain plug in the bottom of the oil 
pan to allow possible water accumulation to drain off if the 
tractor has sat for a while. 

9. Keep the engine warm by using a radiator cover or by in- 
stalling a shutter. 

10. Keep the battery well charged. A discharged battery will 
freeze more quickly than one that is fully charged. 

1l. Check the cooling system's anti-freeze solution and replenish 
it when necessary. 

12. Ifthe tires contain liquid ballast, make sure they are protected 
below 32?F. 

13. Never run the engine at low idle speed (below 1500 rpm) for 
very long periods of time. 

14. Never operate the tractor for long periods of time when the 


Fig. 16-2. Ether must not be injected into the engine before the engine is 
cranking. Ether is highly explosive and can cause damage to the engine 
if too much is sprayed in betore cranking. (Courtesy J. I. Case Co.) 
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coolant temperature is less than the rated operating tempera- 
ture. 

15. Be sure to run the tractor for a long enough period to warm up 
the transmission and hydraulic fluid before operating under 
load. : 

16. Avoid sudden changes in engine speed, whether increasing or 
decreasing. 

17. When starting, do not run the engine at high speed (in excess 
of 1500 rpm), until the engine has warmed up. d 

18. Do not crank the engine with the starter for more than 30 sec- 
onds without allowing the starter to cool and the battery to 
recharge. 

19. Ifthe tractor is equipped with an ether injection system, press 
the ether start button while the engine is cranking and release 
it immediately when the engine starts. To prevent dirt from 
being drawn into the engine, do not operate the tractor unless 
a can of ether is in place. 


Fig. 16-3. Always consult the Operator's Manual before operating a tractor in 
cold weather. (Courtesy SAME & Lamborghini Tractors of North 


America, Inc.) 
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Run the engine long enough to get the turbocharger's oil pres- 
sure up to approximately 40 pounds per square inch before 
putting it under load. 


. If the tractor is equipped with a foot throttle, do not use it 


during starting. 


. Observe gauges and lights, and if a malfunction is indicated, 


stop the engine and correct the problem. 


. If the tractor is equipped with an engine oil or coolant heater, 


keep it plugged in when the tractor is not in use. 


. When stopping the engine, permit the engine temperature to 


decrease before turning it off. 


. Always consult the Operator's Manual for specific cold 


weather starting and operating instructions. 


CHAPTER 17 


OPERATING THE TRACTOR SAFELY 


(Prepared by the Farm Safety Committee of the Farm Equipment 
Institute and approved by the National Safety Council, Inc.) 


l. Be sure the gear shift lever is in neutral before cranking the 
engine. 


2. Always engage the clutch gently, especially when going up a 
hill or pulling out of a ditch. 


HEY! PUT Me 
IN NEUTRAL 
FIRST/ 


Fig. 17-1. Be sure the gearshift lever is in neutral before starting the engine. 
(Courtesy International Harvester Co.) 


3. When driving on highways, or to and from fields, be sure 
that both wheels are braked simultaneously when making an 
emergency stop. 


4. Always ride on seat or stand on platform of tractor. Never 
ride on drawbar of tractor or drawn implement. 
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Fig. 17-2. CAUTION: Use warning lamps when driving at night. (Courtesy 


John Deere, Moline, Ill.) 
5 pg ov S 
°| (RIDING TH 
in DRAWBAR , 
The 


UC Always ride on the tractor seat. (Courtesy Intemational Harvester 
o. 


5. When tractor is hitched to a stump or heavy load, always 


hitch to drawbar and never take up the slack of chain with a 
jerk. 
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Fig. 17-4. Always hitch to the drawbar, and never take up the slack with a 
jerk. (Courtesy International Harvester Co.) 


Fig. 17-5. Never drive too close to ditches. (Courtesy John Deere, Moline, 
Ill.) 
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Fig. 17-6. Always keep the tractor in gear when going down steep grades, 
(Courtesy International Harvester Co) 


6. Be extra careful when working on hillsides. Watch out for 
holes or ditches into which a wheel may drop and cause the 


tractor to overturn. 
7. Always keep the tractor in gear when going down steep hills 


or grades. 


Fig. 17-7. Do not race along highways; observe all traffic rules. (Courtesy 
John Deere, Moline, Il.) 
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REDUCE 
SPEED 


WHEN MAKING 

TURNS OR- 

APPLYING 
BRAKES 


Fig. 17-8. Reduce speed before making a turn. (Courtesy International Har- 
vester Co.) 
8. Always drive tractor at speeds slow enough to insure safety, 
especially over rough ground or near ditches. 
9. Reduce speed before making a turn or applying brakes. The 
hazard of overturning the tractor increases four times when 


speed is doubled. 


h v E 

? W, 
E Ry TN / 

sri / 


Fig. 17-9. Before dismounting, always stop the power take-off. (Courtesy In- 
ternational Harvester Co.) 
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Fig. 17-10. Never dismount from the tractor while it is in motion. Wait until 
it stops. (Courtesy International Harvester Co.) 


10. Always stop the power take-off before dismounting from the 
tractor. 

11. Never dismount from the tractor when it is in motion. Wait 
until it stops. 

12. Never permit persons other than the driver to ride on the trac- 
tor when it is in operation. 


Fig. 17-11. Never install or remove a belt while the pulley is in motion. 
(Courtesy John Deere, Moline, Ill.) 
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Fig. 17-12. CAUTION: Make sure the tractor engine is stopped and the shift 
lever is in the “park” position. The PTO shaft should never be turned by 
hand with the engine running. (Courtesy John Deere, Moline, Ill.) 


Fig. 17-13. Never wear loose clothing around the power shaft. (Courtesy 
John Deere, Moline, Ill.) 
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2 
HUS 


Fig. 17-14. CAUTION: Before starting the tractor engine, be sure there is 
plenty of ventilation. Never operate the tractor in 


a shed or garage. 
(Courtesy John Deere, Moline, Ill.) 


Fig. 17-15. Use extreme care when transporting heavy rear-mounted imple- 
ments. (Courtesy John Deere, Moline, Ill.) 
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Us 


Fig. 17-16. WARNING: When working around storage batteries, remember 

^. that all the exposed metal parts are "alive." Never put a metal object 
across the terminals, because a spark or short circuit will result. (Cour- 
tesy J. I. Case Co.) 


Fig. 17-17. Lower hydraulically or mechanically raised implements to the 
ground before servicing or when leaving the equipment. (Courtesy J. I. 
Case Co.) 
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Fig. 17-18. Make sure there is enough clearance between raised equipment 
and overhead power lines. (Courtesy Jeep Gasenor 


Fig. 17-19. CAUTION: To provide more secure hand and foot mobility, pre- 
venting slipping and possible injury, always face the tractor when 
mounting and dismounting. (Courtesy J. I. Case Co.) 
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Fig. 17-20. WARNING: Batteries produce explosive gases. Keep sparks, 
flame and cigarettes away. Ventilate when charging or using in an en- 
closed space. (Courtesy J. I. Case Co.) 


| SAFETY RULES: 


[Mot HM 


A 
E TI 
el 


Fig. 17-21. Before starting the engine, study the Operator's Manual safety 
messages. (Courtesy J. I. Case Co.) 


13. Never stand between tractor and drawn implement when 
hitching. Use an iron hook to handle drawbar. 


14. Do not put on or remove belt from belt pulley while the 
pulley is in motion. 
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Siow 
Moving 


Vehicle 


Li 
Fig. 17-23. For your protection and safety, display the Slow Moving Vehicle 
emblem on the back of all tractors and implements. The SMV emblem is 
required in many states. 


Fig. 17-24. The size of modern farm tractors and equipment makes it essen- 
tial that operators use great care when traveling on public roads and 
highways; always obey all traffic regulations. (Courtesy Massey- 
Ferguson, Inc.) 
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THE WORLD'S BEST 


afty DEVICE 


IS A 
OPERATOR 


Fig. 17-26. A medium sized 135 PTO horsepower diesel tractor with a 16- 
speed transmission that provides forward speeds from 1.4 to 17.8 miles 


per hour, for all types of farming operations. (Courtesy International 
Harvester Co.) 
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assist, available with a 15.5 mile-per-hour low speed transmission that 
provides 24 speeds, from 0.725 to 15.47 miles per hour. (Courtesy SAME 
& Lamborghini Tractors of North America, Inc.) 


15. Should motor overheat be careful when refilling radiator. 
16. Never refuel tractor while motor is running or extremely hot. 


17. When tractor is attached to a power implement be sure that 
all power line shielding is in place. 


Remember . . . a CAREFUL OPERATOR always is the BEST 
INSURANCE against an accident. 


CHAPTER 18 


REPAIRING THE ENGINE 


Preventive maintenance will increase the life of all engine 
parts and reduce wear to a minimum; however, normal wear will 
take place and eventually minor repairs will be needed, and, with 
continued use, major repairs will become necessary. 

Minor repairs include such jobs as grinding or replacing 
valves, installing new piston rings, installing connecting rod bear- 
ings, installing main bearings and replacing ignition points. Even 
the minor repair jobs should be done by a competent mechanic 


Fig. 18-1. A cutaway view ofa typical turbocharged 6-cylinder diesel engine. 
(Courtesy Caterpillar Tractor Co.) 
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with adequate special equipment. The dealer can usually supply 
such service. 


Major repairs include such jobs as replacing sleeves or rebor- 
ing cylinders, replacing timing gears, installing new pistons, re- 
placing the crankshaft and main bearings, replacing valve guides 
and inserts, and any major work on gears or final drive. This work 
should always be done by a good mechanic in a well equipped 
repair shop. 

The operator should seek the advice of a good mechanic when 
deciding when minor or major repairs are needed. It is costly to 
neglect needed repairs, because wom parts fail completely, caus- 
ing unnecessary breakage and damage to other parts of the engine. 
Waiting until a repair job must be done, to keep the engine run- 
ning, will usually double or triple the cost of the repair. 


Compression Testing 


A test of the compression in each cylinder will give some 


Fig. 18-2. A cutaway view of a typical V-8 diesel engine. (Courtesy Caterpil- 
lar Tractor Co.) 
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COMPRESSION RING 


OIL CHANNEL RING 


, 
VL LINER 
í 
[ 
4 


k PACKING RING 
\ : 


PISTON PIN CAPSCREW 


PISTON 


PISTON PIN 


ROD BOLT 


CONNECTING ROD BEARING 


CS 
CONNECTING ROD NUT —— A 


e 


Fig. 18-3. Piston and connecting rod work on these parts of the engine 
should be done by a well trained mechanic. (Courtesy Allis-Chalmers 
Corp.) 
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Fig. 18-5. The overhead valve and rocker arm assembly. (Courtesy Allis- 
Chalmers Corp.) 
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MARGIN 


CYLINDER 
BLOCK 
OR 
HEAD 
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T GROOVE 
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‘SPRING RETAINER - 


Fig. 18-6. Valve assembly nomenclature. (Courtesy Ethyl Corp.) 
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indication of the condition of the valves and piston rings. A com- 
pression gauge is inserted into each cylinder in turn, with all 
spark plugs removed. As the engine is cranked, the gauge shows 
the pressure that builds up in each cylinder. The pressure should 
be about the same in each cylinder. If the reading is low in a 


RIGHT SEAT LOCATION 


Fig. 18-8. Correct seat location. (Courtesy Ethyl Corp.) 


cylinder, it indicates a leak around a valve or past the rings. In 
order to determine whether the valves or rings are faulty, some 
motor oil should be placed in the cylinder and another test made. 
If the rings are bad, the oil will temporarily seal them and a 
higher pressure reading will be obtained. If the reading remains 
the same, a leaky valve is indicated. 


Valve Rotators 
A mechanism to rotate or permit the exhaust valves to rotate 
is being installed in many of the new tractor engines for the 


purpose of increasing exhaust valve life. The valve rotates grad- 
ually which tends to wipe any carbon deposit off the valve seat. 
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WRONG SEAT LOCATION 


Fig. 18-9. Incorrect seat locations. (Courtesy Ethyl Corp.) 
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Fig. 18-10. Valve refacing. (Courtesy Ethyl Corp.) 


Fig. 18-12. A compression pressure gauge. (Courtesy Sun Electric Corp.) 
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The rotating mechanism should be checked carefully when the 
valves are ground to make sure it is functioning properly. 


Fig. 18-13. A positive type valve rotator. (Courtesy Ethyl Corp.) 


Valve Adjustment 

Valve life depends on the valve being able to close completely 
against the seat to seal off the hot exhaust gases. When the valve 
holds open because of insufficient valve tappet clearance, rapid 
burning of the valve will take place. 

The intervals between valve clearance checks will vary with 
makes of tractors and with the age of the engine. On a new or 
overhauled engine, the clearance should be checked after about 
90 hours and then every 150 hours until the clearance remains the 
same between two checks. Periodic checks of the valve clearance 
should be made every 400 to 500 hours following the initial run- 
in period. 

The specific directions in the Operator's Manual should be 
followed in making valve tappet adjustment. The Manual will 
give the clearance necessary and will specify whether the adjust- 
ment is made with the engine hot or cold. 
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Fig. 18-14. A release type valve rotator. (Courtesy Ethyl Corp.) 


Fig. 18-15. This valve failed to rotate, as indicated by the tip. (Courtesy 
American Oil Co.) 
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Fig. 18-16. Sludged pistons due to a leaky cylinder head gasket. The use of a 


torque wrench in tightening head bolts helps to prevent this. (Courtesy 
American Oil Co.) 


Fig. 18-17. Always use a torque wrench when installing a head on an engine. 
Failure to tighten head bolts to the specified torque may result in head 
gasket failure and valve seat and cylinder bore distortion, leading to 
poor valve and ring life. (Courtesy Snap-On Tools Corp.) 
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Fig. 18-18. The face of this valve shows evidence of burning. Insufficient 
valve tappet clearance could be the cause. (Courtesy American Oil Co.) 


The valve clearance will change when the cylinder head is 
tightened so the clearance should be checked at any time the 
head bolts are disturbed or tightened. 

On most late model tractors the valves should not be checked 
or adjusted with the engine running. The feeler gauge between 
the valve stem and rocker arm will cause the valve to extend 
. into the combustion chamber farther than normal when the valve 
opens with the engine running and may cause the valve to strike 
the piston. This may bend or break the valve and damage the 
piston. 

Most manufacturers now recommend adjusting the valves 
on late model six cylinder tractors at only two positions of the 
crankshaft—at top dead center (TDC) with No. 1 cylinder on the 
compression stroke and at TDC with No. 6 on the compression 
stroke. With No. 1 at TDC on the compression stroke, adjust the 
intake valves on No. 1, 2 and 4 cylinders and the exhaust valves on 
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FRONT OF ENGINE ——» 


NO. 6 TDC COMPRESSION STROKE 
Fig. 18-19. Valve adjusting sequence. (Courtesy John Deere, Moline, Ill.) 


No. 1 Piston at T.D.C. (Compression) Wi 


No. 6 Piston at T.D.C. (Compression) | | i4] lel [e| nomi 


Rear ——» 
12 34 56 78 910 112 


Numbering sequence of valves which correspond to chart 
Fig. 18-20. 
C 


o.) 


Valve numbering sequence, (Courtesy International Harvester 
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No. 1, 3 and 5 cylinders. Turn the crankshaft one complete revo- 
lution, and with No. 6 cylinder at TDC on the compression stroke 
adjust the intake valves on No. 3, 5 and 6 cylinders and the ex- 
haust valves on No. 2, 4 and 6 cylinders. 

Another system of adjusting the valves in exactly the same 
way is to number the valves from the front of the engine and ad- 
just valves numbered 1, 2, 3, 5, 7 and 9 with No. 1 cylinder at 
TDC on the compression stroke and adjust valves numbered 4, 
6, 8, 10, 11 and 12 with No. 6 cylinder at TDC on the compression 
stroke. 

This method of adjusting valves is accurate, if done carefully, 
and the crankshaft has to be turned only one complete revolution. 


Top Dead 

INTAKE p EXHAUST 
VALVE «, Center (TDO VALVE 

OPENS "l0 CLOSES 


INTAKE EXHAUST 
VALVE ~ WX VALVE 
CLOSES OPENS 


Bottom Dead Center (BDC) 


Fig. 18-21. A typical valve timing diagram or spiral. Note the valve overlap at 
the end of the exhaust stroke when the intake valve has opened and the 
exhaust valve is still open. Both rocker arms are tight at this TDC posi- 
tion. (Courtesy John Deere, Moline, Ill.) 
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The TDC mark on the flywheel or fan drive pulley will line 
up with the pointer or reference mark at each revolution of the 
crankshaft when No. 1 and No. 6 cylinders are at the TDC posi- 
tion in a six cylinder engine with a firing order ofS, 3»6, 2m4. 
Either No. 1 or No. 6 cylinder is on the compression stroke and the 
valve adjustment may be started on the correct valves. To assist 
in determining which cylinder is on the compression stroke it is 
helpful to know that when No. 1 cylinder is at TDC on the com- 
pression stroke the exhaust valve on No. 2 cylinder will be 
partially open and the rocker arm cannot be moved by hand. 
When No. 6 cylinder is at TDC on the compression stroke the 
exhaust valve on No. 5 cylinder will be partially open and the 
rocker arm cannot be moved by hand. Both valves on any cylin- 
der at TDC on the compression stroke will be closed, and the 


-- 


ii 


———— 


Fig. 18-22. Turning the crankshaft to TDC with a lar , river 
tesy John Deere, Moline, Ill.) ith a large screwdriver. (Cour- 
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Adjusting screw 


Mrs. ed x bee BR: 
Feeler gauge — Valve lever alve stem 


Fig. 18-23. Adjusting the valve tappet clearance. (Courtesy International 
Harvester Co.) 


rocker arms can be moved slightly by hand if there is any valve 
clearance. 

Adjusting valves at two crankshaft positions works equally 
well on an eight, four or three cylinder engine but the instructions 
in the Operators Manual must be followed exactly, because the 
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valves to be adjusted at each crankshaft position will vary depend- 
ing on the firing order. Some four cylinder engines have a firing 
order of 1, 2, 4, 3 and others have a firing order of 1, 3, 4, 2. Most 
three cylinder engines have a firing order of 1, 2, 3. 

Another method of adjusting valves is to start with No. 1 
cylinder at TDC on the compression stroke and adjust both 


Fig. 18-24. A valve refacing machine. One example of specialized equipment 
necessary to do a good valve job. (Courtesy Hall-Toledo, Inc.) 


valves on No. 1; then turn the crankshaft enough to bring the 
next cylinder in the firing order to TDC on the compression stroke 
and adjust both valves on that cylinder. Continue in this manner, 
following the firing order, until all valves on all cylinders have 
been adjusted. The crankshaft will have to be rotated two com- 
plete revolutions when using this method, and it is sometimes 
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Fig. 18-25. An eccentric type valve seat grinder. A special piece of equip- 
ment found in a well equipped repair shop. (Courtesy Hall-Toledo, Inc.) 


difficult to tell when each cylinder is at the TDC position, be- 
cause the timing marks line up only when No. 1 is at TDC. 


The complete reconditioning of an engine will include the 
pistons, rings and cylinders. The cylinders should be checked for 
taper and wear between the top and bottom in the ring travel 
area. Check to see if the cylinders are out-of-round. If the cylinder 
taper and out-of-roundness is greater than allowable, the cylinders 
will need to be rebored and honed or have new sleeves and pis- 
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Fig. a A valve seat dial gauge. A valve reconditioning tool of the expert 
mechanic to test trueness of the valve seat. (Courtesy Hall-Toledo, Inc.) 
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tons installed. Check the overhaul and repair manual for the 
recommended limit for maximum permissible cylinder wear. 


Maximum cylinder wear normally occurs at the very top of 


top ring travel. For most accurate results, the cylinder should be 
measured at these points, both parallel and at right angles to the 
crankshaft, to determine out-of-roundness, maximum wear and 
cylinder taper. Use a dial gauge, inside micrometers or telescopic 
gauge and outside micrometers for cylinder measurement. 


Procedure 


i 
2. 


Rotate crankshaft until piston is at bottom dead center. 
Carefully measure the cylinder diameter immediately below 
the cylinder ridge. 

Next, measure the cylinder diameter immediately above the 
piston head. 

The difference between these two diameters is the approxi- 
mate cylinder taper. 

The difference between measurements made parallel and at 
right angles to the crankshaft is the approximate out-of- 
roundness. 


Fig. 18-27. A cylinder deglazing brush that does an excellent job. (Courtesy 


John Deere, Moline, Ill.) 
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When the decision is made to rering the engine, the cylinder 
ridge must be removed before the pistons are removed if the 
ridge is excessive. This eliminates the possibility of damaging 
piston lands during piston removal and prevents chips and carbon 


Fig. 18-28. Properly honed cylinder surfaces will have a crosshatch pattern 
as shown here. The honing may be done with a cylinder hone or with a 
cylinder deglazing brush. (Courtesy Dana Corp., Toledo, Ohio) 


deposits from dropping on the crankshaft. A measurement of 
cylinder diameter above and immediately below the ridge will 
determine whether cylinder ridge is excessive. If the difference 
between the two diameters measures less than .004", the ridge 
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Fig. 18-29. New piston rings in a new piston or new grooves as shown on the 


left give good oil control. New rings in worn grooves as shown on the 
right give poor oil control. (Courtesy Dana Corp., Toledo, Ohio) 


need not be removed. When the diameter difference is .004" or 
more, clean deposits from the ridge area and the top of the block 
and remove ridges with a suitable ridge cutter or grinder. Do not 
cut down into the ring travel area when removing the cylinder 
ridge. 

When reringing an engine, it is usually advisable to hone or 
deglaze the cylinder walls to help the new rings seat. The 
crosshatch pattern on the cylinder walls holds oil and lubri- 
cates the rings as they wear-in and seat to the cylinder wall. 
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Fig. 18-30. A device for remachining worn rectangular piston ring grooves to 
receive a standard width ring and a 0.024" wide steel spacer, or the next 
larger width ring and no spacer. (Courtesy Dana Corp., Toledo, Ohio) 


le TOP GROOVE SPACER 


Fig. 18-31. The heat-treated steel spacer is installed above the new ring in 
the remachined groove. (Courtesy Dana Corp., Toledo, Ohio) 
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Fig. 18-32. Measuring end clearance. (Courtesy Dana Corp., Toledo, Ohio) 


Pistons with worn ring grooves will not be helped much by 
new rings. The engine will probably continue to use oil and the 
anticipated power will not be produced. Worn ring grooves can 
be repaired by remachining and installing a steel spacer above 
the top ring where wear usually is greatest. 

Before installing new rings on a piston, push a compression 
ring from the set down to the lower unworn portion of each 
cylinder, making sure the ring is perpendicular to the vertical 
axis of the cylinder. Measure the end clearance (gap) of the ring 
and compare it with the clearance listed in the instruction sheet. 
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Fig. 18-33. Checking bearing clearance with a Plastigage. Lay a piece of the 
Plastigage in the bearing and tighten the bearing to the recommended 
torque. Remove the bearing cap and compare the width of the flattened 
Plastigage to the scale to determine bearing clearance. (Courtesy Dana 
Corp., Toledo, Ohio) 


Insufficient end clearance may cause scuffing, scoring, ring break- 
age or engine seizure when the ring expands as the engine warms 
up. 

Oil from connecting rod bearings lubricates pistons and 
rings. During engine reconditioning, if only the connecting rod 
bearings are replaced, the lubrication system may become un- 
balanced. The corrected but reduced bearing clearance at the 
connecting rods, coupled with increased clearance at worn but 
uncorrected main and camshaft bearings, may reduce oil flow to 
the pistons and rings. The unbalanced system may flood camshaft 
and main bearing areas while starving pistons and rings. 

The fastest and most accurate method for checking main and 
connecting rod bearing clearances is with a Perfect Circle Plasti- 


Fig. 18-34. A cutaway view of a typical 4-cylinder diesel tractor engine. 
(Courtesy Ford Tractor Operations) 


Fig. 18-35. A small four-wheel drive tractor with a 638 cubic inch tur- 
bocharged 6-cylinder diesel engine, producing 225 engine horsepower. 
(Courtesy Steiger Tractor, Inc.) 


E 
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gage. This is a small round piece of plastic which is laid across 
the bearing. The bearing is then tightened to the recommended 
torque. When the bearing cap is removed, the Plastigage will be 
flattened somewhat and the width of the strip of plastic is com- 
pared to the scale on the Plastigage tube which gives a reading in 
thousandths of an inch and in millimeters. 


QUESTIONS 


l. What overhaul work on the tractor is usually considered to 
be minor in nature? 


bo 


What overhaul work on the tractor is usually considered to 

be major repair work? 

3. What can be learned about the condition of an engine by 
testing the compression in each cylinder? 

4. In case of low compression, how can you determine whether 
the valves or rings are at fault? 

9. Why is the correct valve clearance adjustment so important 
to valve life? 

6. Why is the use of a torque wrench important when in- 

stalling the head on an engine? 


7. Why does the valve clearance change when the head bolts 
are tightened? 


8. Why should the valves be adjusted with the engine not run- 
ning on most late model tractors? 
9. How can the crankshaft be turned on late model tractors? 
10. How can you tell when a cylinder is at the TDC position on 
the compression stroke? 
1l. What is thc firing order in a six cylinder engine? 
12. What are the two possible firing orders in four cylinder en- 
gines with conventional crankshafts? 


CHAPTER 19 


TROUBLE-SHOOTING GUIDE 


When trouble-shooting, it will help to keep in mind that an 
engine has three basic needs—fuel-air mixture, compression and 
ignition. These basic needs must be satisfied whether the engine 
is gasoline, LP gas or diesel. 


Failure to Start or Hard to Start 


Fuel valve closed. 

No fuel in the tank. 

Improper type of fuel. 

Water in the fuel supply. 

Old fuel in the tank. 

Clogged fuel strainer or filter. 

No gasoline in the carburetor. 

Fuel shut-off valve on the carburetor not working. 
Liquid fuel in LP gas fuel lines. 

Defective or wrong spark plugs. 

No spark. 

Distributor wires loose or installed wrong. 
Pitted or burned ignition points. 

Cracked or eroded distributor rotor. 
Defective coil or condenser. 

Poor timing of the distributor or diesel injection pump. 
Dirty or faulty diesel injectors. 

Defective cranking motor or battery. 

Air in diesel fuel system. 

Improper throttle position. 

Faulty safety starting switch. 

Flooded engine. 
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Clogged air cleaner. 

Lack of compression. 

Low air temperature when starting a diesel. 
Lubricating oil too heavy. 

Fuel shut-off control failure. 

Diesel injection pump failure. 

Fuel tank vent plugged. 

Idle speed set too low. 

Defective diesel fuel lift pump. 

Air cleaner inlet tube restricted. 


Engine Runs Irregularly or Stalls Frequently 


Engine incorrectly timed. 

Poor or weak spark. 

Dirty or faulty spark plugs. 

Improper spark plug gap. 

Defective coil or condenser. 

Cracked distributor cap. 

Defective ignition resistor or key switch. 
Carburetor idle mixture not correct. 
Carburetor load valve not set correctly. 
Air in diesel fuel system. 

Clogged fuel lines or filters. 

Diesel injection nozzles dirty or stuck. 
Faulty diesel injection pump. 

Diesel injection pump out of time. 
Intake manifold gaskets leaking. 

Faulty or sticking engine valves. 

Air intake restricted. 

Low air temperature. 

Low coolant temperature. 

Insufficient valve clearance. 

Governor sticking or out of adjustment. 
Injection pump governor out of adjustment. 
Low fuel pressure. 

Pitted or burned distributor points. 
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Engine Detonates or Pre-ignites 


Wrong fuel. 

Distributor timed too early. 

Distributor advance mechanisms not working. 
Carbon particles in the cylinder. 

Faulty spark plugs. 

Spark plugs with the heat range too high. : 


Engine Backfires 


Carburetor mixture too lean. 
Spark plug cables installed wrong. 


Engine Knocks 


Improper distributor or diesel injection pump timing. 
Engine overheating. 

Insufficient crankcase oil. 

Low coolant temperature. 

Worn or the wrong bearings or bushings. 

Excessive crankshaft endplay. 

Loose bearing caps. 

Broken rings or loose pistons. 

Loose piston pins. 

Wrong grade of fuel. 


Engine Overheats 


Radiator fins bent or plugged with trash. 
Low on coolant. 

Low on crankcase oil. 

Diluted crankcase oil. 

Cooling system limed up and needs flushing. 
Collapsed radiator hose. 

Faulty radiator cap. 

Defective thermostat. 

Loose fan belt. 
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Use of low octane fuel or wrong type of fuel. 
Improper ignition or injection pump timing. 
Overloaded engine. 

Distributor advance mechanism not working. 
Temperature gauge defective. 

Engine excessively tight. 

Improper valve timing. 

Oil in coolant. 

Excessively high anti-freeze concentration in coolant. 


Lack of Power 


Engine overloaded. 

Engine not up to correct temperature. 
Overheated engine. 

Crankcase oil too heavy. 

Low on crankcase oil. 

Governor sticking or out of adjustment. 
Wrong type of fuel. 

Restriction in fuel lines, strainers or filters. 
Air in dicsel fuel lines. 

Fuel tank air vent obstructed. 

Air intake restricted. 

Dirty air cleaner. 

Overheated intake air. 

Dirty or faulty diesel injectors. 

Diese] injection pump out of time. 
Improper ignition timing. 

Dirty or faulty spark plugs. 

Ignition points bumed or out of adjustment. 
Cracked distributor cap. 

Improper carburetor load adjustment. 
Float level too low in carburetor. 
Exhaust pipe clogged. 

Poor compression. 

Improper valve clearance. 

Faulty engine valves. 
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Low engine specd. 

Incorrect camshaft timing. 

Improper hitching of implement. 

Wom piston and rings. 

Wrong spark plugs. 

High engine operating temperature. 

Frost at fuel lock strainer (LP Gas). 

Faulty throttle linkage. R 
Blown head gasket. 

Fuel shut-off valves not completely wide open. 


Low Engine Oil Pressure 


Engine low on oil. 

Improper type of oil, oil too light. 

Broken, loose or plugged oil lines. 

Defective or dirty oil pressure regulating valve. 
Oil pump strainer clogged. 

Oil pump worn or not working correctly. 
Worn bearings. 


High Engine Oil Consumption 


Crankcase oil too light. 

Oil leaks. 

Worn piston and rings. 

Worn bearings. 

Crankcase breather pipe clogged. 
Crankcase ventilator pump not working. 
Worn valve guides or stem oil seals. 

Oil pressure too high. 

Engine speed too high. 

Restricted air intake. 

Restricted oil return passage from valve cover. 


High F uel Consumption 


Engine overloaded. 
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Improper type of fuel. 

Improper valve clearance. 

Clogged or dirty air cleaner or air pipe. 

Wrong viscosity oil. 

Low oil level. 

Poor compression due to worn piston and rings. 
Choke closed or partially closed on a gasoline engine. 
Ignition out of time or injection pump out of time. 
Improper carburetor adjustment. 

Fuel leaks. 

Engine overheating. 

Diesel injection nozzles not operating properly. 
Burned, wom or sticking valves. 

Excessive fuel pressure line leakage. 

Wom or bent push rods. 

Clutch slippage. 

Faulty cooling system thermostat. 


Diesel Engine Emits Black or Grey Exhaust Smoke 


Engine overloaded. 

Improper fuel. 

Excessive fuel rate. 

Clogged or dirty air cleaner. 
Dirty or faulty diesel injectors. 
Low coolant temperature. 
Injection pump out of time. 
Turbocharger not functioning. 


Diesel Engine Emits White Exhaust Smoke 
(indicates misfiring) 


Cold engine. 

Low coolant temperature. 
Defective thermostat. 
Improper type of fuel. 
Faulty injectors. 
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Injection pump out of time. 
Poor compression. 


Gasoline Engine Emits Black Exhaust Smoke 


Improper carburetor adjustment, too rich. 
Clogged or dirty air cleaner. 
Choke closed or partially closed. 7 


Engine Emits Blue Exhaust Smoke 
(indicates high oil consumption) 


Worn or stuck piston rings. 
Low coolant temperature. 
Restricted oil return passage from valve cover. 


Spark Plug Fouling 


Wrong heat range plug. 
Low engine temperature. 
Worn piston rings with excessive oil consumption. 


Engine Stops 


Fuel low in tank. 

Restriction in fuel flow. 

No fuel being delivered. 

Air vent hole in fuel tank cap plugged. 

Fuel shut-off valve closed or partially closed. 

Dirty or clogged gasoline fuel strainer. 

Diesel injection pump improperly timed to the engine. 


Batteries Will Not Charge 


Loose or corroded connections. 

Sulfated or worn out batteries. 

Loose fan belt. 

Voltage regulator not functioning properly. 
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CORRECTIVE 
TEST RESULTS CONDITION PROCEDURE 


GRAVITY TEST PAIRED WAKE HIGH RATE 
A 
GRAVITY BETWEEN 1.215-1.270 sic aad 
RECHARGE; 
DISCHARGED MAKE HIGH RATE 
DISCHARGE TEST 


REPLACE 
REPLACE 


RECHARGE 
REPLACE 


GRAVITY BELOW 1.215 


(o) SHORTED CELL 
(b) ACID LOST 
(c) OLD BATTERY 


MORE THAN 50 GRAVITY POINTS 
(0.050) VARIATION BETWEEN CELLS 


LIGHT LOAD TEST 


(c) SHORTED CELL 
(b) SULFATED CELL 
(c) OLD BATTERY 


MORE THAN 0.050 VOLTS 
VARIATION BETWEEN CELLS 


HIGH RATE DISCHARGE TEST* 


MINIMUM TERMINAL VOLTAGE: 


(a) DISCHARGED 
(b) OLD BATTERY 


4.5 VOLTS FOR 6-VOLT BATTERY 
9.0 VOLTS FOR 12-VOLT BATTERY 


*Ampere Lood Should Equal 2 x Amp-Hr Rating for 6-Volt Batteries 
ond 3 x Amp-Hr Rating for 12-Volt Batteries. 


Fig. 19-1. A battery testing chart. (Courtesy John Deere, Moline, Ill.) 


Be a VEM 


Fig. 19-2. A gen 


eral-purpose, low profile 90 PTO horsepower tractor with a 
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Starter Inoperative 


Loose or corroded connections. 

Low battery output. 

Faulty starter. 

Tractor in gear. 

High resistance in circuit. 

Loose, grounded, shorted or broken fusible link. 
Discharged or weak batteries. 
Faulty starter solenoid or auxiliary starter solenoid. 
Faulty start switch or safety switch. 

Failed starting motor. 


Starter Cranks Slowly 


Loose or corroded connections. 
Low battery output. 
Crankcase oil too heavy. 
Faulty starter. 

High resistance in circuit. 
Starter motor bearings dry. 


Transmission and Hydraulic Oil Overheats 


Low oil supply. 

Oil cooler air passages plugged. 

Clogged transmission and hydraulic oil filter. 
Excessive shifting under load. 

Oil level too high. 

Engine fan belt slipping or broken. 

Incorrect oil viscosity. 

Dirty oil. 

Operator holding controls in power position too long. 
Machine overloaded. 


Clutch Does Not Engage or Disengage Properly 


Too little clutch pedal free travel. 
Too much clutch pedal free travel. 
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Wom clutch discs. 
Clutch release bearing dry. 
Clutch actuating mechanism dry. 


Brakes Not Holding or Releasing Properly 


Glazed, greasy or worn linings. 

Cables or linkage binding. 

Foreign material lodged in brake mechanism. 
Hydraulic brakes: air in system. 

Power brakes: accumulator discharged. 
Contaminated fluid. 

Brakes adjusted unevenly. 


CHAPTER 20 


STORING THE TRACTOR FOR 
LONG PERIODS 


, 


Tractors that are to be unused for a month or more should be 
carefully prepared for storage in order to prevent damage. Some 
damage may not be apparent until after the tractor is put into use 
again. 


. Procedure 


1. Thoroughly inspect the tractor for worm or broken parts; re- 
place parts if necessary. 

2. Warm the engine thoroughly, and drain the engine crankcase 
oil. 


Fig. 20-1. Many large tractors, such as this 375 engine horsepower articu- 
lated four-wheel drive diesel, are used very little during the winter 
months and need to be stored. (Courtesy Massey-Ferguson, Inc.) 
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. Replace the oil filter element, and fill the crankcase with new 


oil of the proper viscosity and API service rating. Run the en- 
gine about five minutes after refilling. 


. Drain, flush and fill the cooling system with clean soft water 


and with cooling system conditioner for summer storage, or 
with the recommended anti-freeze solution for winter storage. 


. Add a specified amount of corrosion inhibitor to the trans- 


mission-hydraulic system (as recommended by one manufac- 
turer). 


. Run the engine at a slow idle to circulate the coolant with the 


thermostat open and cycle all hydraulic functions to circulate 
the inhibitor to all parts of the hydraulic system. 


. Drain the fuel tank on all gasoline and diesel tractors. On 


gasoline tractors only, drain the fuel tank sediment bowl, and 
run the engine until it stops. Add corrosion inhibitor to the 
fuel tank of gasoline and diesel tractors. Replace filters. Refill 
the fuel tank. 


. Add the recommended amount of inhibitor to the crankcase of 


diesel or gasoline engines. 


. Drain oil from the auxiliary hydraulic reservoir and the trans- 


mission. Replace filter elements and refill with new oil. 
Drain oil from axle centerhousing and refill with new oil. 

On gasoline or LP Gas engines remove spark plugs and pour 
the recommended amount of inhibitor or one tablespoonful of 
SAE-30 lubricating oil through the spark plug hole into each 
cylinder. Crank the engine two or three times and replace the 
spark plugs. 

On diesel engines loosen the air intake pipe from the man- 
ifold, and place the recommended amount of inhibitor in the 
manifold. Reconnect the air intake pipe, and tum the engine 
over two revolutions slowly with the key switch off. 

One manufacturer recommends partially filling the fuel 
tank with a mixture of one-half pure white kerosene and one- 
half SAE-10W oil, enough to run the engine 10 or 15 minutes, 
then running the engine at 1000 to 2000 rpm until the engine 
stops from lack of fuel. 

The same manufacturer recommends removing the nozzle 
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bodies to spray about one ounce of SAE-30 oil into each cylin- 
der and then to crank the engine two or three revolutions be- 
fore reinstalling the nozzle bodies, after cleaning the gasket 
seats and installing new gaskets. 

If corrosion inhibitor is not introduced into the valve area, the 
valve cover should be cleaned and removed and SAE-50 oil 
should be slushed over the valves, rocker arms and push rods. 
Coat the inside of the valve housing cover with the oil, and 
replace the valve cover. Do not run the engine. í 

Service the air cleaner. 

Relieve tension on all belts. 

Remove, clean and store the batterv or batteries in a cool, dry 
place where the temperature will not get below freezing. Keep 
the electrolyte up to the correct level, charge the batteries be- 
fore storing them and bring them up to a full charge every 30 
days while in storage. DO NOT store them on a concrete floor 
or metal surface. 


20-2. A small tractor, such as this 91 cubic inch 3-cylinder diesel produc- 
ing 33 engine horsepower and equipped with front-wheel power assist, 
may be used very little in the winter and will need to be properly 
stored. (Courtesy Yanmar Diesel Engine Co., Ltd.) 
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Seal all openings on the tractor with plastic bags and heavy 
tape. The openings to be sealed are: all air cleaner inlets, 
exhaust muffler, crankcase breather tube, fuel tank ventilated 
cap, radiator overflow hose and the transmission-hydraulic 
filler cap and breather. Sealing the openings keeps condensa- 
tion of moisture from the air to a minimum inside the engine 
during storage. 

Coat exposed metal surfaces, such as axles and piston rods of 
hydraulic cylinders, with corrosion preventive or with grease. 
Block up the tractor so the tires are clear of the ground, and 
protect them from sunlight and heat. Remove water ballast 
from tires if calcium chloride solution was not used. 

Block the clutch pedal in the disengaged position. 

Clean the exterior of the tractor and touch up scratched or 
chipped painted surfaces. 

Store the tractor in a dry, protected place. If the tractor must 
be stored outside, cover it with waterproof canvas or another 
waterproof covering. 


CHAPTER 21 


PREPARING THE TRACTOR F OR SERVICE 
AFTER STORAGE 


After the tractor has been idle for some time, whether or not 
it has been prepared for storage as suggested, it should be care- 
fully serviced before being used. 


Procedure 


1l. Remove seals from all openings on the tractor. 

2. Check the air pressure in the tires and let the tractor down off 
the blocks. 

3. Install fully charged battery or batteries, and connect battery 
cables correctly. 


LE 4. m i MI ROR TRE NE 
Fig. 21-1. When taking a turbocharged diesel tractor out of storage, remove 
the oil inlet line, 1, from the top of the turbocharger, 2, and pre-lubricate 
the bearings by adding 2 to 3 ounces of clean lubricating oil before start- 

ing the engine. (Courtesy Massey-Ferguson, Inc.) 
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Fig. 21-2. One of the smallest tractors found on the farm today, a 53.5 cubic 
inch 3-cylinder in-line diesel, producing 18 engine horsepower and 
equipped with front-wheel assist and a loader. (Courtesy Yanmar Diesel 


Engine Co., Ltd.) 


4. If the valve cover and valves were coated with SAE-50 oil, 
remove the valve cover, and flush the inside of the cover and 
the valves, rocker arms and push rods with a mixture of one- 
half kerosene and one-half SAE-10W oil. Then crank the en- 
gine a tew revolutions to make sure all valves are working and 
none are sticking. Install a new gasket, and replace the valve 
cover, 

5. Adjust tension on all belts. 

6. Replace both outer and inner air intake filter elements. 

7. Pre-lubricate turbocharger bearings before starting the engine, 

8. Check the engine and transmission-hydraulic system oil 
levels, and add oil, if necessary. 

9. Check and, if necessary, fill the cooling system to the proper 
level. 

10. Release the clutch pedal. 

1l. If oil was put into the cylinders through the spark plug holes, 
remove the plugs, and pour a mixture of one-half gasoline and 
one-half SAE-10W oil into each cylinder. About one ounce 
(two tablespoonfuls) per cylinder should be enough. Crank the 
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engine rapidly until excess oil is blown out of the spark plug 
holes. This operation is usually necessary to loosen any tight 
piston rings and to wash old oil from the pistons and valves. 
Install the spark plugs after cleaning and setting the gaps. Use 
new spark plug gaskets. 

Check and clean the air cleaner, if necessary. 

Bleed the diesel fuel system of any air that might have ac- 
cumulated. 

Perforn the 600 hour service jobs, as this will help maintain 
the power and efficiency of the engine. 

Start the engine and run it at a slow idle for several minutes to 
make sure the tractor is in operating condition before putting 
it under a full load. 

Observe all instruments. If any instrument indicates a mal- 
function in its system, stop the engine, and determine and cor- 
rect the malfunction before the engine is restarted. 


NOTE: Always consult the Operator's Manual before at- 
tempting to adjust, service or maintain the farm 
power unit. 


Part IV 


SMALL ENGINES 


CHAPTER 22 


SMALL ENGINE MAINTENANCE 


The maintenance of small engines of the type used on com- 
pact tractors, lawn mowers and garden tillers is similar to the 
maintenance of tractor engines, with some exceptions. 


Fig. 22-1. A compact riding tractor. (Courtesy International Harvester Co.) 
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COOLING SYSTEM 


Small engines are primarily air cooled, and the maintenance 
of the cooling system is critical, extremely important and often 
neglected on compact tractors and riding mowers. Where the en- 
gine is enclosed under a hood or another sheet metal housing, 
there is a tendency to operate the engine until it overheats, be- 
cause restrictions in the air flow are not readily apparent. 

The cooling system consists of cooling fins on the cylinder, 
shrouds to direct the air and fins on the flywheel, which serves as 
a fan to blow air over the cylinder fins to dissipate the heat of the 
engine. Overheating is usually caused by grass clippings and other 
debris caught between the shrouds and cooling fins on the cylin- 
der. This obstruction is not readily visible when you look at the 
engine with the shrouds in place. The fins and fan screen must be 
cleaned as often as needed, but should be checked at least every 
25 hours. Compressed air should be used to blow out obstructions, 
but usually you will need to remove the shrouds to do this. Follow 
instructions in the Operator's Manual when removing the shrouds 


Fig. 22-2. Clean the cooling fins often. This engine overheated. (Courtesy 
Dana Corp., Hagerstown, Ind.) 
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and cleaning the system. Overheating causes damage to the rings, 
piston, valves and bearings, and may warp the head. As the engine 
overheats, the oil thins and blows by the rings, resulting in stuck 
rings. In extreme cases the engine seizes as it runs low on oil, with 
serious damage to the crankshaft and bearings. The authors know 
of several cases when this happened; in each case, a broken con- 
necting rod did severe damage to the inside of the engine and the 
crankshaft. 

The cooling system must be checked and cleaned before there 
is any indication of overheating, to protect the life of the engine. 


LUBRICATION 


Engine oil lubricates by reducing friction between moving 
parts in the engine. It also cleans, cools by transferring heat and 
seals the compression. The authors know of an instance in which a 
rented lawn de-thatcher gradually lost power and could be started 
only with great difficulty. It was found to be very low on oil. When 
the crankcase was filled to the full mark on the dipstick, the en- 
gine started easily and ran normally. 

When breaking in a new or rebuilt four-cycle engine, change 
the oil after the first 5 hours of operation and then every 25 hours. 
Change the oil every 8 hours under dusty conditions, such as those 
which occur with the use of a rotary tiller. Always drain the oil 
when the engine is hot and foreign material is in suspension. After 
the oil is well drained, fill with the correct quality and viscosity of 
oil recommended for the anticipated temperature conditions for 
the period the engine will be operated before the next oil change. 
The viscosity of oil used when temperatures are above 40?F. will 
not adequately lubricate the engine under winter conditions. 

The engine manufacturer will usually recommend an SAE-30 
viscosity oil when temperatures are above 40°F., or SAE-10W30 or 
SAE-10WA0 if SAE-30 is not available. SAE-30 is usually preferred 
for heavy duty operation. For temperatures between 0°F. and 
60°F., SAE-10W30 or SAE-10W40 is recommended; for tempera- 
tures from —20?F. to +20°F., SAE-5W20 or SAE-5W30 is recom- 
mended. 


364 TRACTOR AND SMALL ENGINE MAINTENANCE 


Check the Operator's Manual for the weight of oil to use. 
Some manufacturers do not approve the use of multi-viscosity oils 
in their engines. 

Keeping enough oil in the engine is as important as changing 
the oil at regular intervals. Check the engine oil level each day 
before starting it. Have the engine on a level surface when check- 
ing the oil. Fill the engine to overflowing or to the full mark on the 
dipstick. Check the oil level every 5 hours of continuous opera- 
tion. 

Some small four-cycle engines are lubricated by a dipper on 
the connecting rod bearing cap which dips into and splashes the 
oil up to the main bearings, camshaft and cylinder. Other engines 
are lubricated by a gear-driven oil slinger and others by a gear- or 
cam-driven oil pump. When the oil level gets low, these devices 
cannot circulate enough oil, and the engine is damaged from lack 
of oil. 


Fig. 22-3. Keep the oil level to the full mark. (Courtesy Dana Corp., 
Hagerstown, Ind.) 
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When adding some oil to the engine is necessary, usually an 
oil change is needed also. The recommended 25 hour oil change 
period is for average to good operating conditions. 

Some engines have an extended oil fill and dipstick for con- 
venience. Caution must be used to make sure the engine is not 
overfilled. Excessive oil will make the engine smoke and tends to 
shorten engine life by burning in the region of the upper piston 
rings, causing them to stick. 

The quality of oil used is very important because of the high 
temperature and high speed conditions under which a small en- 
gine operates. Oil having an API classification of “MS,” “SC,” 
"SD" or "SE" should be used. These are high quality detergent 
oils which keep the engine clean and help retard the formation of 
gum and varnish deposits. The use of a non-detergent oil will void 
` the warranty on some small engines. The only difference between 
short engine life and long engine life is the maintenance program 
followed by the operator. 


AIR CLEANERS 


Most small engines operate near the ground in dusty condi- 
tions, and the air cleaner must remove the dust from the air before 
it is drawn into the engine where it will mix with the oil film and 
form an abrasive compound almost like a grinding compound. Se- 


AIP SEAL 
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CARBURETOR 


Fig. 22-4. A cross section of an oil foam air cleaner. Note how the dirty air 
passes up through the oiled foam, and clean air passes down through the 
center tube to the carburetor. (Courtesy Briggs & Stratton Corp.) 
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vere damage occurs to the upper ring area of the cylinder and to 
the bearings as the dirt is circulated in the oil. 

The air cleaner should be checked and serviced every 25 
hours under normal operation and more often under dusty condi- 
tions. A good practice is to service the air cleaner every time the 
oil is changed. 

Most lawn mower engines have an oil foam cleaner element. 
To service this type of cleaner: 


1, Carefully remove the element to prevent dirt from entering 
the carburetor. 

2. Wash the foam in kerosene or in liquid detergent and wa- 
ter. 

3. Wrap the foam in a cloth or some paper toweling and 
squeeze dry. 

4. Saturate the foam with SAE-30 engine oil. 

9. Squeeze the excess oil out as you would wring out a 
sponge. Reinstall the element. 


If small particles start to flake off the element, its useful life is 
over and it should be replaced with a new element. 

Remember that it is the oil film in the element that traps the 
dust and dirt. The authors have seen countless numbers of engines 


Fig. 22-5. Steps in cleaning and oiling a foam type air cleaner. (Courtesy 
Briggs & Stratton Corp.) 
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QLA- WING NUT 


Fig. 22-6. A type of oil foam air cleaner used on larger engines. (Courtesy 
Briggs & Stratton Corp.) 


brought into the shop for overhaul because the foam element had 
. been carefully cleaned and replaced but had not been re-oiled. 
The dry element permits the fine dust to enter the engine, with 
disastrous results. The top piston ring in an engine where dust has 
been getting through the air cleaner will show vertical scratches. 
Riding mowers and compact tractors with larger engines will 
have the oiled foam type, oiled foam sleeve with a dry type inner 
filter or a dry element filter similar to that used on large tractors. 
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Fig. 22-7. A dry element type air cleaner. When installing the element, be 
sure the sealing grommet is in good condition. (Courtesy Briggs & 
Stratton Corp.) 
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The oiled foam sleeve is cleaned and oiled like the oiled foam 
element on smaller lawn mower engines. The dry type element 
should never be oiled but should be removed and tapped lightly 
against a flat surface to remove the dust. A very soft brush can be 
used to remove larger particles from the outer surface of the ele- 
ment. An excessively dirty or damaged element should be re- 
placed with a new one. When installing any cleaner element, 
check all gaskets to see that they are installed correctly so that dust 
cannot by-pass the element. 


TWO-CYCLE ENGINES 


The maintenance of two-cycle small engines is the same as for 
four-cycle engines, with the exception of the lubrication. The 
two-cycle engine fires every time the piston is at top dead center 
instead of every other time, as is the case in a four-cycle engine, 
and has intake and exhaust ports in the cylinder wall instead of 
conventional poppet valves. The engines are very powerful for 
their weight, making them ideal for chain saws, small portable 
equipment and lawn mowers. They are lubricated with an oil and 
gasoline mixture. On the up-stroke of the piston, the oil, gasoline 
and air mixture enters the crankcase through the carburetor. On 
the down-stroke this mixture is compressed slightly and rushes 
into the combustion chamber when the intake ports are uncovered. 
This happens at approximately the same time the exhaust gases are 
leaving the combustion chamber through the exhaust ports on the 
opposite side of the cylinder. As the piston moves up, it closes 
both the intake and exhaust ports and compresses the mixture, 
which is fired by the spark plug as it approaches top dead center. 

The cooling system and air filter should be checked and serv- 
iced every 25 hours, as in a four-cycle engine. 

The oil in the oil-gasoline mixture burns in the combustion 
chamber, and eventually there will be a carbon buildup in the 
exhaust ports. This carbon will restrict the flow of the exhaust 
gases, and the engine will not run well but will tend to “four- 
cycle" or fire every other power stroke. About every 35 hours, the 
exhaust ports should be cleaned very carefully with a soft, blunt 
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instrument to prevent scratching the piston. Remove the muffler 
and clean it as much as possible, then turn the crank so the piston 
blocks the exhaust ports. Clean the ports with a dowel rod or a 
similar instrument. Reinstall the muffler, and the engine should 
run normally. 

The quality of oil used and the oil-to-gasoline proportion are 
very important in two-cycle engines. Always use the quality and 
viscosity of oil recommended by the manufacturer. The best prac- 
tice is to use the manufacturer's brand of oil in these engines and 
mix it with the fuel very carefully. Shake the fill can to mix the oil 
and fuel well before filling the engine fuel tank. 


CARBURETOR 


If the engine does not start easily or run smoothly, the car- 
buretor may need adjustment. The carburetor may have three ad- 
. justments: the high speed needle valve, idle speed screw and idle 
mixture valve. 

You may adjust the high speed needle valve by having the 
engine warm and running with the throttle at the fast position. 
Turn the needle valve in until the engine misses, then out until 
. the engine runs unevenly. Turn the needle valve in to the mid- 


NEEDLE VALVE 


IDLE VALVE 


Fig. 22-8. A small one-piece Flo-Jet carburetor found on some four-cycle 
engines. Note the needle valve, idle valve and idle speed adjusting 
screw. (Courtesy Briggs & Stratton Corp.) 
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point between these two positions. The engine should run 
smoothly under load at this position. If the engine hesitates when 
the throttle is opened quickly, turn the needle valve out slightly to 
give a richer mixture. 

Now set the idle speed by closing the throttle to the idle posi- 
tion. While holding the throttle control at this position, turn the 
idle speed screw in or out to get the correct idle speed, usually 
between 1500 and 1750 rpm. Check the Operator's Manual for the 
correct speed. 

With the engine idling, adjust the idle mixture by tuming the 
idle mixture valve in and out until the engine runs smoothly. The 
idle speed may need to be changed as the idle mixture is adjusted. 

If the engine cannot be started and the problem seems to be 
carburetion, refer to the Operator's Manual for the initial adjust- 
ment on the idle mixture valve and the high speed needle valve. 
This might be % turn open on the idle valve and 14 turns open on 
the needle valve. These adjustments must be approximately cor- 
rect to get the engine started. 

Some carburetors will have only the idle speed and high 
speed needle valve adjustments. Some have no adjustment except 
the idle speed. 

A small engine maintained properly will last about 1000 
hours. An overhaul with new piston rings should make it last 
another 800 hours. 


TROUBLE SHOOTING 


When trouble shooting a small engine, first check the three 
things any engine must have to start and run: 


Compression 
Ignition (a hot spark at the plug) 
Carburetion (fuel and air into the cylinder) 


Check the compression by cranking the engine to the point 
of strongest resistance, and note whether the engine snaps back. 
If there seems to be no resistance, check to see if the spark plug is 
tight and its gasket is in place. 
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Check the ignition by removing the cable from the spark 
plug, and attach a spark tester, a special test plug with about a 
3/16” to 1/4” gap, or hold the spark plug cable about 3/16” away 
from some metal surface on the engine and crank the engine. If 
a good fat spark will jump a 3/16” gap, the trouble is not in the 
ignition but may be in the spark plug. Check the spark plug and 
replace it with a new one if the tip is fouled or burned. Never 
have a spark plug from a small engine sandblasted. Some of the 
abrasive grit may remain in the plug and get into the engine and 
damage the rings and cylinder wall. 

Check the carburetion by holding a thumb over the spark 
plug hole while cranking the engine a few turns. Your thumb 
should be moist with gas if fuel is reaching the cylinder. If there 
is no gas getting to the cylinder, check the vent in the gas tank 
cap, check for fuel in the tank, check to see that fuel is getting 
. to the carburetor and check until you find the obstruction. 


Engine Fails to Start or Starts with Difficulty 


No fuel in the tank. 

Shut-off valve closed. 

Obstructed screen or fuel line. 

Water in fuel. 

Old fuel in tank. 

Leaking carburetor mounting gaskets. 
Engine not choked enough. 

Remote controls to choke not adjusted correctly. 
Engine over-choked. 

Improper carburetor adjustment. 
Fouled spark plug. 

Faulty magneto coil or condenser. 
Shorted ground wire. 

Partially sheared flywheel key. 

Air cleaner plugged. 

Blown head gasket. 

Loose rotary lawn mower cutter blade. 
Worn cutter blade mounting hub. 
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Engine Knocks 


Loose flywheel. 

Loose cutter blade. 

Loose cutter blade mounting hub. 
Low on oil. 

Loose or worn connecting rod. 
Worn cylinder. 


Improper magneto timing. 


Engine Misses Under Load 


Spark plug fouled. 

Improper spark plug gap. 

Faulty magneto coil or condenser. 
Pitted magneto breaker points. 
Improper carburetor adjustment. 
Improper valve clearance. 

Weak valve spring. 

Crankcase seals leaking. 


Engine Lacks Power 


Choke partially closed. 

Improper carburetor adjustment. 
Incorrect armature air gap. 

Magneto improperly timed. 

Pitted magneto breaker points. 

Incorrect breaker point gap. 

Low on crankcase oil. 

Air cleaner dirty. 

Valves leaking. 

Blown head gasket. 

Engine overheating. 

Grass cuttings building up under cutter deck. 
Worn piston or rings. 

Crankcase seals leaking. 

Exhaust ports plugged on 2-cycle engine. 
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Engine Overheats 


Engine improperly timed. 

Carburetor load valve adjusted too lean. 

Cooling fins obstructed or plugged. 

Screen on flywheel obstructed. 

Excessive load on engine. 

Low on crankcase oil. 

Excessive carbon in combustion chamber. 

Pulleys too tight. 4 


Fig. 22-9, Clean the exhaust ports in a 2-cycle engine about every 25 hours of 
operation. (Courtesy Dana Corp., Hagerstown, Ind.) 


Engine Surges or Runs Unevenly 


Fuel tank cap vent hole plugged. 

Leak in carburetor mounting gaskets. 

Governor parts sticking or binding. 

Carburetor or governor linkage binding or sticking. 
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Engine Vibrates Excessively 


Bent crankshaft. 

Bent cutter blade or out of balance blade. 
Worn cutter blade mounting hub. 
Mounting bolts loose. 

Mounting deck or plate cracked. 


Crankcase Breather Passing Oil 


Engine speed too fast. 

Loose oil fill cap or damaged gasket. 

Oil level too high. 

Breather mechanism damaged or worn. 

Breather mechanism dirty. 

Drain hole in breather box clogged. 

Breather mechanism installed wrong or gaskets missing. 
Piston rings not seated properly. 

Piston ring end gaps aligned. 


High Oil Consumption 


Worn rings or piston. 

Excessive load on engine. 

Engine speed too fast. 

Oil level too high. 

Loose or damaged oil fill cap. 

Breather mechanism damaged or dirty. 
Piston ring end gaps aligned. 

Piston rings not seated properly. 

Damaged or worn seals on end of crankshaft. 


QUESTIONS 


1. Why is keeping the cooling fins clean so critical on a small air 
cooled engine? 

2. Why should the oil be changed at the end of the first five 
hours of operation in a new or overhauled engine? 


[M 
12. 
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. What viscosity of oil should be used in a lawn mower engine 


operating at temperatures of 40°F. to 80°F.? 


. What is the recommended oil change interval in a small en- 


gine operating under normal conditions? 


. What is the recommended oil change interval in a small en- 


gine operating under dusty conditions? 


. What quality of oil should be used in a small engine? 
. Why is non-detergent oil not recommended for use in a small 


engine? , 


. Why is keeping the oil level up to the full mark so important? 
. What causes the oil to circulate in a small engine? 
. What happens if the oil foam air cleaner element is cleaned 


and installed without being re-oiled? 

What is meant by the initial carburetor adjustment? 

What three conditions have to be correct for an engine to start 
and run? 
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GENERAL REFERENCE LIST 


Air Cooled Engine Mechanics Manual, Engine Service Associa- 
tion, 710 N. Plankinton, Milwaukee, WI 53203 


Diesel Fuel Grades, American Society for Testing Materials, 1916 
Race St., Philadelphia, PA 19103 

Engine Service Classifications, API Bulletin 1509, American Pe- 
troleum Institute, 1801 K St., N.W., Washington, DC 20006 


Farm Power and Tractors, 5th ed., Jones and Aldred, McGraw-Hill 
Book Co., 1221 Ave. of the Americas, New York, NY 10020 


Fundamentals of Machine Operations, Deere & Company Service 
Publications, John Deere Rd., Moline, IL 61265: 


“Tractors” 
“Safety” 


“Preventive Maintenance” 


Fundamentals of Machinery Maintenance, Deere & Company 
Service Publications, John Deere Rd., Moline, IL 61265 


Fundamentals of Service manuals, Deere & Company Service 
Publications, John Deere Rd., Moline, IL 61265: 


“Bearings and Seals" “Hydraulics” 
“Electrical Systems" “Power Trains" 
“Engines” “Shop Tools” 


I and T Shop Service Master Manual Set, Intertec, 9221 Quivira 
Rd., Overland Park, KS 66212 


Lawn-Boy Mechanic’s Handbook, Mowers, Gale Products, Gales- 
burg, IL 61401 


Mechanics in Agriculture, 3rd ed., Phipps, The Interstate Printers 
& Publishers, Inc., Jackson at Van Buren, Danville, IL 61832 
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Repair Instructions, Briggs & Stratton Corp., P.O. Box 702, Mil- 
waukee, WI 53201 

Small Engines, Vol. I and II, AAVIM, 120 Engineering Center, 
Athens, GA 30602 

Small Engines Service Manual, Intertec, 9221 Quivira Rd., Over- 
land Park, KS 66212 

Small Gas Engines, Roth, Goodheart-Willcox Company, 123 W. 
Taft Dr., South Holland, IL 60473 

Tractors and Their Power Units, 3rd ed., Liljedahl, Carleton, 
Turnquist and Smith, John Wiley & Sons, Inc., 605 Third 
Ave., New York, NY 10016 


INDEX 


A 


Air cleaner, 129 
cutaway view, 129, 142 
dry-type, 138 
dry-type, cleaning procedure, 
140-143 
dry-type, cutaway view, 142 
hose connection, 87 
maintenance of, 131 
parts of, 130 
pipe, 88 
plugged, 91, 132, 133 
pre-cleaner, 129, 138 
restriction indicator, 139, 141 
Alternator, 216-218 
safety rules, 217, 218 
API service classification, 65-73, 
119 


B 


Battery, 211 
care, 211-216 
hydrometer, 212 
specific gravity reading, 212, 
214, 216 
water, 211 
Battery ignition system, 188 
adjusting ignition timing, 
197-201 
breaker points, 191-194 
checking ignition timing, 197 
maintenance of, 188-202, 217, 
218 
timing light, 202 
Brakes, 267 
adjustment, 268, 269 
types, 267 


Cc, 


Caps, radiator, 155, 156 
Carburetor, 172 
idle mixture adjustment, 173 
idle speed adjustment, 88, 173 
load mixture adjustment, 174 
Clutch, 18-20, 240-242 
adjustment, 108, 241 
lubrication, 241, 242 
Cold weather operation, 291 
Compression ratio, 40, 41 
Compression testing, 312 
compression gauge, 231 
Cooling system, 147 
anti-freeze solutions, 155 
cleaners, 159-164 
cutaway view, 147, 148 
flushing, 159-164 
maintenance of, 147, 158 
thermostats, 153 
Cooling systems, 151 
air, 152 
atmospheric, 156 
pressure, 157 
water, 153 
Crankcase breather, 144, 145 
maintenance of, 120, 144 
Crankshaft and flywheel, 314 
Cylinder crosshatch pattern, 334 
Cylinder deglazing brush, 333 
Cylinder ridge, 334 


D 


Diesel engine, 29 
fuel system, 32 
two-cycle, 16, 29 
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Differential, 24 
lock, 25 
Drivetrain, 22 


E 


Electrical system, 209, 210 
Engine 
clutch, 18, 240 
parts, 12-14 
principles of operation, 11, 12 
repair, 311 
Engine operating temperature, 
106, 148, 149 
Engines 
diesel, 15, 29-38 
external combustion, 7 
four-stroke cycle, 11, 12 
internal combustion, 8 
LP Gas, 16 
two-fuel, 16 
two-stroke cycle, 16, 29 


F 


Front wheel adjustment, 266, 267 
Front wheel bearings, 251, 252 
adjustment, 253, 255 
bearing grease, 78, 79, 254 
packing, 254 
Front-wheel drive assist, 272-275 
Front wheel, spacing, 265, 266 
Fuel, 39, 42-51 
additives, 46, 47 
anti-knock, 45 
characteristics, 44 
cracking, 46 
detonation, 42, 43, 95 
octane rating, 47 


safety recommendations, 56-62 


Fuel, diesel, 29, 48 
additives, 49 
cetane number, 50-51 
grades, 48 

Fuel filters, 177-181 

Fuel pump, 171 

Fuel, storage, 51 
condensation, 52, 167 
diesel, 57-60 


diesohol, 61 

gasohol, 61 

gasoline, 52-56 

LP Gas, 60 

pressure cap, 52-55 

safety precautions, LP Gas, 61 
Fuel strainers, 171, 172 
Fuel systems, 167 

diesel, 176-181 

gasoline, 167 

LP Gas, 183-185 
Fuel tank, 168 

maintenance of, 168, 169 
Fuels, 39 

diesel, 48 

gasoline, 49 

LP Gas, 60, 61 


G 


Gears, tractor, 92 
General reference list, 377, 378 
Generator, 216 
lubrication, 216 
maintenance of, 216 
Governor, 176 
Grease, 77-79 
storage and handling, 79 
type, 78 


H 


Hand signals, 288 
Hydraulic and power shift trans- 
mission fluid, 80 
Hydraulic system, 223 
break-away coupling, 234 
changing oil, 229-246 
filter, 225, 228, 229, 236 
fluid, 80, 226, 227 
fluid level, 225, 228 
flushing, 230 
magnetic drain plug, 231 
maintenance of, 225 
pump, 225, 226, 233 
remote cylinder, 223, 230, 233, 
239 
Hydrostatic drive unit, 23 
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I 


Idle speed adjustment, too low, 89 
Idling the engine, dangers of, 89 
Ignition system, 187 

Instrument panel, 90 

Intake manifold, 132, 176 
Intercooler, 129 

Interna] combustion engine, 8 


L 


LP Gas, 60 
engines, 16 
fuel, 60 
fuel system, 183 
storage, 60, 61 
Lubrication, 102 
Lubrication systems, 113 
circulating splash, 115 
force-feed, 114-117 
maintenance of, 116 
splash, 114 
Lubrication, tractor, 101, 248 


M 


Magneto ignition system, 202 
adjusting and checking timing, 
205 
impulse coupling, 204 
maintenance of, 202-206 
Maintenance through careful oper- 
ation, 90 
Major engine overhaul, 95, 312 
Measuring cylinder wear, 333 
Minor engine overhaul, 312 
Multi-viscosity oil, 65 


O 


Octane rating, 47 

Oil cooler, 126 

Oil filters, 116, 118 
by-pass, 125 
disc, 125 
elements, 118 
full-flow, 115, 125 

Oil, lubricating, 62 
additives, 64, 65 


API service classification, 
65-73 
change recommendations, 75, 
103, 119 
draining, 119 
duties of, 62 
low ash, 119 
multi-viscosity, 65 
quality, 65-73, 119 
service type, 66-73 
storage and handling, 76 
viscosity, 65 , 
Oil pump screen, 122, 126 
Operation, tractor, 87, 90, 279 
Operator, responsibility of, 94 
Overhead valve assembly, 315 
Overheating, 150, 164 
causes of, 150 
Overloading, 280 
P 
Piston and connecting rod, 313 
Plastigage, 338-340 
Power steering, 252 
lubrication, 252 
maintenance of, 252 
Power take-off, 25 
540 rpm, 26 
1000 rpm, 26 
Power train, 17, 239 
Pre-cleaner, 129, 138 
Preventive maintenance, 89 
importance of, 87 
meaning of, 89 
steps in, 99 
Principles of operation, four-stroke 
cycle, 11 


R 


Rear wheel adjustment, 263-265 

Rear wheel bearings, 254 
lubrication, 254 

Repairing the engine, 311 

Run-in period, 100-103 


S 
Safety precautions, 295-309 
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Sediment bowl, 169, 170 
cleaning, 171 
Service periods, 99 
daily or 10-hour service jobs, 
107 
weekly or 50-hour service jobs, 
107 
100-hour service jobs, 107 
200- to 300-hour service jobs, 
107 
500-hour or six-month service 
jobs, 109 
1000-hour or yearly service 
jobs, 109-112 
Slow Moving Vehicle emblem, 307 
Small engines, 361-375 
air cleaners, 365-368 
carburetion check, 370 
carburetor adjustment, 369, 
370 
compression check, 370 
cooling system, 362, 363 
engine life, 370 
engine seizure, 363 
exhaust ports, 368, 369 
four-stroke cycle engine 
break-in, 363 
four-stroke cycle engine lubri- 
cation, 363 
ignition check, 371 
' lubrication, 363-365 
maintenance of, 361-370 
oil change interval, 363-365 
oil level, 364 
oil quality, 365 
oil-to-gasoline ratio, 369 
oil viscosity, 363 
overheating, 362, 363 
trouble-shooting, 371-374 
two-cvcle engines, 368, 369 
Spark plugs, 188 
cleaning, 189 
gap gauge, 191 
heat range, 189 
maintenance of, 188-191 
Starter, 219 
cleaning, 220 
maintenance of, 219 
Steering gear, 247 


lubrication, 247-252 

maintenance of, 247 
Stopping the engine, precautions, 

105 

Storing the tractor, 351-354 

preparing for service after 

storage, 355-357 

Strokes 

compression, 12 

exhaust, 12 

intake, 11 

power, 12 


T 


Tightening sequence, head bolts, 
103 
Timing light, 202 
Tires, 256 
ballast, 258-261 
care, 256-261 
correct inflation, 256 
overinflation, 256, 257 
underinflation, 256, 257 
Torque wrench, 324 
importance of, 324 
Tractor, cutaway view, 13 
Tractor lubrication, 247-256 
Tractor tvpes 
four-wheel drive, 6 
high clearance, 6-10 
standard, 6 
track, 6 
wheel, 6 i 
Transmission, 20, 22, 242, 245 
draining, 20, 21, 109, 242 
flushing, 244 
Transmission, differential and final 
drive, 242 
contaminants in oil, 229 
draining, 122, 209 
flushing, 122, 209 
maintenance of, 224 
Trouble-shooting, 341-350 
Tune-up, check list, 109-112 
Turbocharger, 34 
cutaway view, 34 
special operating instructions, 
35, 36 


INDEX 383 


V Valve tappet adjustment, 93, 322- 
331 

Valve assembly, 316 Valve timing diagram, 327 
Valve guides, 317 Volume of air to burn 10 gallons of 
Valve interference angle, 321 gasoline, 131 
Valve refacing machine, 330 
Valve rotators, 318 i W 

positive type, 322 

release type, 323 Warm-up period, 103 
Valve seat dial gauge, 332 Warning lights, 89 
Valve seat grinder, 331 Wheel weights, 258-261 


Valve seat locations, 318, 319 Worldwide symbols, 287 
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